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SUMMARY

Lithium anodes were studied in LiPFg-dimethylformamide and -N-nitrosodimethyl-
amine electrolytes. In two dimethylformamide systems and one N-nitrosodimethyl-
amine system, the solute had been dried prior to use. 1In the dimethylformamide
systems, lithium exhibited greater polarization with the dried LiPFg solute.
Drying the solute did not significantly affect lithium performance in the
N-nitrosodimethylamine electrolyte.

The investigation of cathode fabrication methods was contigued with emphasis
on decreasing the internal resistance losses in cupric fluoride cathodes.

Four approaches to this problem were;

1. Sintering cupric fluoride on lightweight metal substrates.

2. Forming thin films of cupric fluoride on copper foil by solvent
evaporation.

5. Electrodepositing thin cupric fluoride films on copper foil
from hydrogen fluoride sclutions. ’

k. Pressing small amounts of cupric fluoride (plus conductive
additives and binders) on metal substrates at high pressures.

As a result of the sintering experiments, very thin electrodes with good
mechanical integrity were produced. However, during electrochemical
testing, these electrodes operated at more negative voltages than

the cupric fluoride filter pad cathodes described in previous reports.
These lower voltages may be a result of the absence of carbon which was

incorporated in the filter pad cathodes.

The thin cupric fluoride film produced on copper foil by evaporating a
methanol solution of cupric fluoride was evaluated by the linearly varying
potential technique. Only a small amount of the active material was

present and the scans were not definitive.
Electrodeposited cupric fluoride films were also studied by the linearly

varying potential method. The curves indicated a strong possibility that

reduction of copper oxide rather than copper fluoride was occurring.
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Thin cathodes prepared by pressing small amounts of cupric fluoride plus conductive
additives and binders at high pressures did not exhibit significantly improved
electrochemical performance. This might possibly be due to the formation of

impenetrable electrode surfaces as a result of the high formation pressures.

The effect of using different additives in cupric fluoride electrodes
was also studied. Graphite, acetylene black, copper, silver, and antimony tri-
fluoride were employed. The best results were obtained with small amounts

(ca. 11 weight per cent) of acetylene black and antimony trifluoride.

Other inorganic cathodes investigated this quarter were a copper sulfide thin
film electrode and a variety of pressed cathodes prepared from cobalt trifluoride,
nickel difluoride, antimony trifluoride, titanium trifluoride, nickel hydroxide,

iron oxide, nickel oxide, silver oxide, vanadium pentoxide, and copper sulfide.

These cathodes were evaluated in half-cell screening tests, coulombic efficiency

tests, and linearly varying potential scans.

Electrochemical half-cell screening tests were conducted with dissolved active
organic compounds. m-dinitrobenzene, trichloroisocyanuric acid (ACL-85), tri-
chloromelamine, and hexachloromelamine were tested at different concentrations
in a variety of electrolytes. The most promising of these compounds was hexa-
chloromelamine which could sustain an 80ma/cm® discharge at a concentration of
1 molal in LiPFg-dimethylformamide (1 molal) at voltages more positive than
-0.6V.

Linearly varying potential studies also indicated that these compounds are
capable of sustaining high current densities. Coulombic efficiency tests were
conducted for m-dinitrobenzene and trichloroisocyanuric acid. The latter com-
pound yielded an efficiency of T70% at a concentration of 0.0l molal in LiPFg-
N-nitrosodimethylamine (1 molal). The average discharge current was 1.9ma (or
approximately lma/cm?).



As part of this overall program for characterization of vacuum-distilled
solvents, refractive indices and specific conductivities were measured for
vacuum-distilled N-nitrosodimethylamine fractions twelve weeks after dis-

tillation. Only slight changes occurred over the twelve week period.

Tri-n-propylamine was tested for its effectiveness in reducing the corrosion
of lithium in dimethylformamide solutions. It was found that the rate of
lithium consumption was decreased by addition of the amine to dimethyl-

formamide.

Stability tests weré completed for lithium and calcium in morpholinium
hexafluorophosphate-dimethylformamide and -N-nitrosodimethylamine electro-
lytes pretreated with the anode metal. Lithium in pretreated morpholinium

hexafluorophosphate-N-nitrosodimethylamine was the only stable system.

Linearly varying potential studies were made of LiClOg4-propylene carbonate,
LiCl-dimethylformamide, and N-phenyl-N,N,N-trimethylammonium hexafluoro-
phosphate~-dimethylformamide. The scans of the dimethylformamide electrolytes
showed reductions occurring in the -1.5 to -2.0V range. This would sub-
stantiate the hypothesis that electrolyte decomposition contributes to the

coulombic output in certain full cell discharges.

Investigation of battery components was continued this quarter. Anion ex-
change membranes, filter paper, and an epoxy membrane were screened as
separator materials. Polypropylene and polyethylene were tested for their

stability in various electrolytes for possible use as case materials.
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INTRODUCTION

The objective of this research is to develop a primary battery with an energy
density of at least 200 watt-hours per pound of total battery weight.

Preliminary electrochemical evaluations of calcium, lithium and magnesium
anodes in various electrolytes have been virtually completed. Several

promising combinations have been selected for a more thorough investigation.

Efforts have been made to improve the electrochemical characteristics of
cupric fluoride cathodes. Concurrently, consideration has been given to
possible approaches for eliminating some of the difficulties associated

with conventional techniques of cathode fabrication. In addition, other
cathode materials with high theoretical energy densities have been

investigated.
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A PROGRAM TO DEVELOP A HIGH-ENERGY DENSITY PRIMARY BATTERY
WITH A MINIMUM OF 200 WATT HOURS PER POUND OF TOTAL BATTERY WEIGHT

by

William E. Elliott, James R. Huff, Gerald L. Simmons,
Guy D. McDonald, Judith L. Jamrozy and Warren L. Towle

ABSTRACT

Lithium anodes were studied in LiPFg-dimethylformamide and -N-nitrosodimethyl-
amine electrolytes with "as received" and dried solute to determine the effect

of drying the solute on electrochemical performance.

Various methods of sintering cupric fluoride on lightweight metal substrates
were tried. Thin film cupric fluoride electrodes were prepared by electro-
deposition and solvent evaporation. A copper sulfide thin film electrode was
also made. Pressed inorganic cathodes containing conductive additives and
binders were fabricated from the fluoride salts of antimony, cobalt, copper,
nickel and titanium; iron, nickel and silver oxides; vanadium pentoxide;

nickel hydroxide and copper sulfide.

Dissolved organic cathodes including N-chlorosuccinimide, 2,4-dinitrophenol,
m-dinitrobenzene, trichloroisocyanuric acid (ACL-85), trichloromelamine and

hexachloromelamine were studied.

Both inorganic and organic cathodes were evaluated in half-cell screening tests,

coulombic efficiency tests, and linearly varying potential scans.

The characterization of vacuum-distilled solvents by measurement of changes in
specific conductivity and refractive index was continued. Tri-n-propylamine was
investigated as an anode corrosion inhibitor in dimethylformamide. Stability
tests were carried out for lithium and calcium in electrolytes pretreated with
the anode metal. Linearly varying potential studies were made of electrolyte

decomposition.
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Anion exchange membranes, filter paper, and an epoxy membrane were screened
as separator materials. Stability tests were carried out for polypropylene

and polyethylene case materials in various electrolytes.
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I. OVERALL PROGRESS

Progress during the Sixth Quarter encompassed work in the following areas:

A. Anodes.
1. Effect of Drying the Solute on Electrochemical Performance of

Lithium Anodes.

B. Cathodes.
1. Fabrication and Electrochemical Half-Cell Screening.
a. Sintered cupric fluoride cathodes.
b. Thin film cathodes.
c. Pressed inorganic cathodes.
d. Dissolved active organic cathodes.
2. Coulombic Efficiency Studies.
a. Inorganic cathodes.
b. Dissolved active organic cathodes.
3. Linearly Varying Potential Studies.
a. Inorganic cathodes.

b. Dissolved active organic cathodes.

C. Electrolytes.
1. Distillation and Characterization of Solvents Employed in Electrolytic
Solutions.
Treatment with Inhibitors.
5. Stability of Anode Materials in Electrolytic Solutions.

L. Linearly Varying Potential Studies of Electrolyte Decomposition.

D. Components.
1. Separators.
a. Anion exchange membranes.
b. Filter paper.
c. Epoxy membrane.

2. Case Materials.
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A.

Anodes.

1.

Effect of Drying the Solute on Electrochemical Performance of Lithium
Anodes.

During the sixth quarter, lithium anodes were studied in LiPFg-
dimethylformamide (DMF) and-N-nitrosodimethylamine (NDA) electrolytes
according to the procedure described in the Third Quarterly Report.
In three of the half-cell tests, the LiPFg solute was dried prior to
use. The purpose of the tests was not only to evaluate the capabilities
of lithium anodes in LiPFg-DMF and -NDA electrolytes, but also to
determine the effect of drying the solute. LiPFg was dried in two
ways: first, by heating the salt at 110°¢ for 12 hours in a vacuum
oven purged with nitrogen and, second, by heating the salt at 110°%
for 24 hours in a nitrogen-purged, glass, drying apparatus. This
apparatus consisted of a glass tube fitted near the bottom of the
tube with a fritted glass disc. Nitrogen entered the tube through
an opening below the disc and passed through the sample which was
loosely packed above the fritted glass disc. An outlet, packed with

glass wool, was located near the top of the tube.

As can be seen from the data in Table I, page IV-1, the electro-
chemical performance of lithium with undried LiPFg in DMF was superior
to that in the dried LiPFg electrolyte. The lithium anode tested in
undried LiPFg in DMF could sustain at least a 100 ma/cm2 discharge at
less than 50% polarization from the initial open circuit voltage.
When dried LiPFg was utilized, the maximum current densities which
could be sustained at comparable polarizations were 1 and 20 ma/cmg,
respectively, for LiPFg dried in a vacuum oven and LiPFg dried in the
apparatus described above. The changes in specific conductivity (see

Table I for values of L) between the undried and dried systems do not

seem large enough to cause this marked change in behavior.

The difference in electrochemical performance for lithium anodes in
dried and undried LiPFg in NDA was slight. Both systems could sustain

discharges of at least 100 ma/cm®. However, the lithium did not gas



upon insertion or during discharge in the dried LiPFg system.

The data for the electrochemical half-cell testing of anodes is pre-
sented in Table I, pages IV-1l and IV-2. The LiPFs(undried)—NDA
system was reported previously in the Fifth Quarterly Report and is

included for comparison.

B. Cathodes.

1. Fabrication and Electrochemical Half-Cell Screening.

a. Sintered Cupric Fluoride Cathodes.

Fabrication and electrochemical testing of cupric fluoride
cathodes in past months has indicated the need for improved
electrode conductivity and a decrease in internal resistance
losses. Previous efforts were concentrated on enhancing
electrode conductivity by the use of conductive additives.
Methods of increasing electrode porosity were also investi-
gated in an attempt to increase per cent utilization of the
active material. This quarter, efforts were centered on de-
creasing internal resistance losses by producing "thin" cupric
fluoride electrodes. Four methods were used: sintering CuFp
on lightweight metal substrates; forming CuFp thin films by
solvent evaporation; electrodepositing thin CuFy films from
HF solutionsj and pressing small amounts of CuFy plus con-
ductive additives and binders on metal substrates. The latter

two methods are described in sections B.l.b. and B.l.c.

Initial sintering experiments involved heating Cu and Al foil
coated with thin layers of CuFs 1in a nitrogen atmosphere.

Temperatures ranged from 120 to BOOOC. No sintering occurred
even when the foil was roughened with emery paper to improve

adhesion of the CuFj.

It was decided that the application of pressure to the samples

would be necessary to achieve sintering, i.e., "hot pressing.”
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A number of cathodes were prepared by spreading a thin layer of
CuF, which had been sifted through a 120 mesh sieve on a sub-
strate and clamping the sample in a die. The die was then
heated in a tube furnace for approximately two hours at 2OOOC.
The furnace was purged with nitrogen to prevent any oxidation

or formation of CuF5'2H 0. CuFg was sintered on Cu and Al foil,
Cu and Ni screen, and Al, Ag, and Ni expanded metal using this
method. Cracking and separation of the CuF; layer occurred in

handling the Al foil sample because of its flexibility.

The Ni screen sample also exhibited poor adherence. The main
difference between this and the other samples was that the Ni
screen was not distorted by the application of pressure as was the
case with Cu screen and Al, Ag, and Ni expanded metal. Thus,
the Ni screen probably absorbed most of the pressure required
to allow the CuFy to fill in the void areas in the screen and
sinter. The mechanical integrity of the other five samples

was excellent.

Electrochemical half-cell screening tests were carried out for
CuF, sintered on Cu screen and Al, Ag, and Ni expanded metal.
The details are given in Table II, page IV-3. Open circuit
voltages were more negative than OV vs, Ag/AgCl for all of the
cathodes tested and polarization to voltages more negative than

-1V occurred at current densities of less than 1 ma/cmz.

In order to achieve better control of temperature and pressure,
a second mode of sintering was tried. This method involved the
use of a metallurgical press and a heated die. A temperature
controller was used to set and maintain the maximum die tempera-
ture. Temperature readings were taken with a thermocouple.
Pressure was measured with the gauge attached to the metallurgi-
cal press. This particular series of cathodes was not prepared

in an inert atmosphere. However, the fit of the die parts was
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such that only minimal amounts of moisture and oxygen should
have diffused in tothe hot CuFy sample and the diffusion should
have been slow. These assumptions were confirmed by the X-ray
data wherein the patterns for copper oxides or CuFy*2H 0 were
weak or missing, depending on the length of time the sample was

heated.

Sintered CuF, electrodes were prepared on Ag expanded metal
using the metallurgical press. The preparation consisted of
placing the substrate (0.75" diameter) on the bottom face of
the die and spreading a thin layer of sifted CuF, over it. The
die sleeve was fitted over the bottom of the die and the ram
was inserted. The die was then inserted in the press and
pressure and heat were applied to the sample. After the sin-
tering operation was complete, the sample was allowed to cool
while still under pressure to prevent expoéure of the hot CuF,

to the atmosphere.

The experimental details and qualitative results for the hot
press fabrication of CuF, sintered cathodes in a metallurgical
press are presented in Table III, pages IV-4 and IV-5. The
data indicate that at a pressure of 8,900 psi, sintering can

be effected with a decreasing amount of CuF, decomposition as
the sintering time is reduced. In tests 6 and 7, page IV-5,
the samples were heated until the sintering temperature (lSOOC)
was reached. A pressure of 8,900 psi was maintained. The
samples were then rapidly cooled while still under pressure by
means of a conduction cooling jacket. X-ray analyses indicated

that both samples were pure CuFs,.

A problem which occurred with the metallurgical press method
was that of release of the sample from the die. Spraying the
die faces with Teflon did not improve the situation. "Sand-

wiching" the sample between pieces of filter paper did not ease



removal of the sample from the die but did produce an inter-
esting side effect. At lSOOC and 8,900 psi, the CuFy became
laminated to the filter paper. The resulting cathode, in-
cluding the ingrained filter paper, retained its mechanical
integrity over a 15 hour period in a LiPFg-dimethylformamide
electrolyte. The open circuit potential of +0.16V remained
constant during this period. Because Teflon spray and filter
paper failed to help release the sample, a Teflon tape was

used to cover the die faces. The tape proved most satisfactory

in reducing adherence of the sample to the die.

In general, attempts to fabricate sintered CuFp cathodes were
successful. Thin electrodes with good mechanical integrity

were produced.
Coulombic efficiency studies were made of the various types of
sintered CuF, cathodes and are discussed in section B.Z2.a.

Linearly varying potential studies are described in section B.3.a.

Thin Film Cathodes.

Copper fluoride and copper sulfide thin films on Cu foil were
prepared this quarter. Copper fluoride thin films were formed
by solvent evaporation and electrodeposition. The first tech-
nique consisted of placing a strip of Cu foil in a methanol
solution of CuF,. The solvent was evaporated, leaving a thin

film of CuF5-2HZ0 deposited on the foil.

A solution of one gram of CuFy in 250 ml of methanol was heated to
reflux and filtered while still hot. A Cu strip was placed in a
beaker cbntaining the filtrate. The methanol was allowed to evaporate.
A blue, relatively-adherent film of CuFy'2H,0 remained on the
Cu strip after evaporation. A portion of the Cu strip was
heated for two hours at 200°C in a nitrogen atmosphere. The

film turned green and some of the material separated from the
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Cu substrate. A linearly varying potential scan was made of
this cathode and is described in section B.3.a. Attempts were
also made to produce thin CuF, films in the same manner on Al
and Ni substrates. The material deposited on the Al foil showed
visible signs of decomposition. Deposits made on Ni were not

adherent.

Electrodeposition was the second technique used to produce thin
film CuFp electrodes. Two strips of Cu foil were electrolyzed
in a 48% HF solution. During the electrolysis, a red deposit
was formed on the cathode and considerable gassing occurred.

The deposit was identified by X-ray diffraction as Cuz0. A
black film, presumably CuO, was deposited on the anode initially.
At this time, 1.1 amps were flowing at approximately 1.5V. This
black film was gradually replaced by a white to colorless film
which was identified by X-ray as CuF5'2H0. A rapid change in
current flow and voltage to 0.8 amps and 4.0 volts occurred as
soon as the white film began to form. In the course of the elec-
trolysis, the 48% HF electrolyte changed from a clear, colorless
solution to a blue solution. Linearly varying potential studies
were made of the three types of deposits and are described in
section B.3.a.

A copper sulfide thin film electrode was also prepared by
immersing copper foil in an aqueous solution of NayS. The film
formed was presumed to be a mixture of CuS, CuyS, and Cuj gS.
This thin film electrode was discharged at 1 ma/cm2 in an N-
phenyl-N,N,N-trimethylammonium hexafluorophosphate~dimethyl-
formamide electrolyte vs. lithium. The amount of active material
present was only sufficient for a 1.2 to 1.6 minute discharge.
Thus, the results of the test did not provide for an adequate
evaluation of the copper sulfide thin film since most of the
discharge took place at voltages ascribed to reduction of the
electrolyte. Linearly varying potential studies of this cathode

are discussed in section B.3.a.



Pressed Inorganic Cathodes.

Twenty-eight cathodes were fabricated this quarter from a
variety of combinations of inorganic materials with conductive
additives and binders. The active cathode materials included

CuF5, CoFs, NiF,, SbFs, TiFs, FegOy, NiO, AgO, CusS, and CuS.

Six CuF, cathodes were prepared according to the filter pad
technique described in the Fifth Quarterly Report. However,
smaller amounts of the cathode mix were pressed at higher
pressures in order to produce thinner cathodes with less
internal. resistance. These thin cupric fluoride filter pad
cathodes did not exhibit any significant improvement in elec-
trochemical performance over the earlier, thicker types. The
addition of small amounts of LiCl04 or N-phenyl-N,N,N-tri-
methylammonium hexafluorophosphate, (CeHs ) (CHg ) sNPFg, to the
cathode mix did not enhance the electrochemical behavior of

the filter pad cathodes. It was hoped that inclusion of these
solutes in the electrodes would increase porosity and active
surface as they made contact with the electrolyte and dissolved.
The data for the half-cell screening of CuFs filter pad cathodes
is presented in Table IV, pages IV-6 through IV-19, No. 1 through
No. 6.

It was postulated that although the use of thin electrodes might
decrease internal resistance losses, the pressures applied to

the electrodes could possibly be decreasing their porosity and
forming an impenetrable surface layer. In order to substantiate
this hypothesis, a thin cupric fluoride cathode in a (CgHs)(CHg)s~
NPFg-DMF electrolyte vs. a lithium anode was subjected to a

50 ma/cm2 discharge for 30 seconds before testing. It was hoped
that this initial exposure to a high current density would result
in an "opening up" of the electrode face. The half-cell was next

2

discharged at 5 ma/cmg. The initial 50 ma/cm load apparently

did not achieve the desired effect since the cathode voltage



(vs. Ag/AgCl) had dropped to -1.16V from an open circuit value
of -0.04V after one minute at the 5 ma/cm2 discharge level.
However, during an 18 minute discharge, the cathode voltage
gradually improved to a value of -0.74V. The electrode was
placed on open circuit for one hour and discharged again at

5 ma/cm2 for 30 minutes. During this discharge, voltage steadily
decreased from an initial voltage of -0.18V to -1.59V. At this
point, it was decided to determine the effect of a charging
operation on the electrode. After charging at 5 ma/cm2 for 30
minutes, the cell was again discharged at 5 ma/cmz. During this
final discharge, initial cathode performance was better than
during the 30 minute discharge, but the cathode voltage had
dropped from an initial value of +0.5V to -1.00V after 12
minutes. Below are listed selected voltage readings taken
during the discharges to illustrate the effect of the initial

50 ma/cm2 discharge and the effect of charging the half-cell:

Cathode Voltage vs. Ag/AgCl During 5 ma/cm?® Discharge

Time After 30 Seconds After One Hour After
(Minutes) at 50 ma/cm? On Open Circuit Charging
0 -0.30 -0.18 +0.50
1 -1.16 -0.66 -0.0%
2 -1.33 -0.95 -0.06
3 -1.39 -1.11 -0.09
L -1.43 -1.20 -0.12
5 -1.k4 o -l.e7 -
10 -0.82 -1.42 -0.67
14 -0.7h -1.51 -1.24
18 -0.7h -1.57 -1.50
30 --- -1.59 —-——

Cupric fluoride electrodes were also prepared from various dry
mixes. (In the filter pad method cited above, the mix is prepared

in a heptane slurry.) Conductive additives and metal substrates



were varied to determine their effect on the electrochemical
behavior of CuF,. CuF cathodes containing acetylene black as
the conductive additive and a Solka-Floc binder gave better
performance than the filter pad cathodes. However, this might
be attributed to the change of electrolyte to LiC104~-propylene
carbonate (PC) from a (CgHs)(CHg)aNPFg-dimethylformamide (DMF)
electrolyte which was used to screen all but one of the filter
pad electrodes. One electrode composed of CuFp (78 wt. %),
acetylene black (11 wt. %), and Solka-Floc (11 wt. %) could
sustain discharges of at least 25 ma/cm2 without polarizing
more negative than -1V. (See No. T, Table IV, pages V-6
through IV-19.)

CuF, electrodes containing 5 wt. % Cu reached more negative
voltages at lower current densities than those containing
acetylene black. The two electrodes prepated in this way (No.
12 and No. 13, Table IV, pages IV-6 through IV-19) could sus-

2

tain a discharge of 5 ma/cm before reaching voltages more

negative than -1.0V.

Silver was also employed as a conductive additive. The Ag

was introduced into the cathode by igniting a pellet containing
CuF,, AgO, and Solka-Floc. Since AgO decomposes at 100°¢ to

form Ag and Oy, it was hoped that the CuFp would become inti-
mately mixed with Ag and also with carbon from the ignited Solka-
Floc. However, decomposition of CuF2 may have simultaneously
occurred. TFor the results of the half-cell screening of these
cathodes, see No. 25 and No. 26, Table IV, pages IV-6 through
Iv-19.

Antimony trifluoride was added to three CuF, electrodes. A
cathode containing CuFp (70 wt. %), SbF4 (10 wt. %), acetylene
black (10 wt. %), and Solka-Floc (10 wt. %) could sustain dis-

charges of 15 ma/cm2 before polarizing to -1.0V. A linearly

-10-



varying potential study of another CuF,-SbFz electrode con-
taining no acetylene black proved it capable of sustaining at
least 50 ma/cm2 without excessive polarization. The data for
these cathodes is presented in Table IV, pages IV-6 through
IV-19, No. 13 through No. 15.

Although silver, nickel, and copper substrates were used for
the CuF, electrodes, a comparison of their relative performance
was not made because of variations in composition and mode of

fabrication in these initial studies.

Of the cathodes fabricated from inorganic compounds other than
CuFy, only two showed any significant output. A copper sulfide
cathode prepared by igniting a mixture of CugS (49 wt. %), AgO
(2h wt. %), cu (16 wt. %), S (9 wt. %), ¢ (1 wt. %), and Solka-
Floc (1 wt. %) could sustain a discharge of at least 5 ma/cm?
before reaching voltages more negative than -1.0V. The éecond
cathode consisted of Ag0 (85.5 wt. %), SbF5 (10 wt. %), and
Solka-Floc (4.5 wt. %). Linearly varying potential scans showed
that this electrode could sustain at least 10 ma/cm2 before

polarizing excessively.

In addition to half-cell screening tests, full cell discharges

and linearly varying potential studies were used to evaluate
pressed inprganic cathodes. A copper sulfide (CuS) electrode

and an iron oxide (FegOg4) electrode were studied in full cell
discharges. Both cathodes were prepared from a mixture of 85

wt. % active material, 10 wt. % Dixon graphite, and 5 wt. %
Solka~Floc. They were tested in (CeHs)(CH3)3NPFs—DMF electrolytes
using a lithium anode. As can be seen from the data listed be-
low, both electrodes performed similarly, polarizing rapidly

from the open circuit voltage, and maintaining steady voltages

on discharge. These voltages seemed to represent a reduction
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of some component of the electrolyte rather than of the active

cathode material.

CuS Feq04
Cathode Current Cathode Current
Time Cell Voltage vs. Density Time Cell Voltage Density
(Hrs.) Voltage Ag/AgCl (ma) (Hrs.) Voltage vs. Cu  (ma/cm®)
0 3.5 +0.3k4 0 0 3.07 +0.5 0
o) 3.0 Rapidly 10.2 0 0.9 1.k 11.0
Polarized
to -1.0V
1 1.4 -1.4 10.2 1 0.9 -1.4 11.0
1.0 -1.8 9.2 4 0.7 1.4 11.0
10 1.0 -1.8 9.5 5 0.4 -1.5 *25.0
15 0.9 -1.8 9.5 5-1/2 0.2 -1.6  *38.0
18 0.8 -1.8 9.4

Coulombic efficiency studies of pressed inorganic cathodes are
discussed in section B.2.a. and linearly varying potential scans

are described in section B.3.a.

Dissolved Active QOrganic Cathode Materials.

The investigation of organic compounds for use as cathodes in
soluble form was centinued this quarter. Electrochemical half-
cell screening tests were carried out on m-dinitrobenzene (MDB)
and three positive halogen compounds, trichloroisocyanuric acid**
(ACL-85), trichloromelamine*** (TCM), and hexachloromelamine¥¥¥%
(HCM). The trichloroisocyanuric acid was supplied by Monsanto

Research Corp. and is designated by them as ACL-85.

* Current density was increased by adjusting the variable resistor apparatus.

Cl
N N N
0= ' ? = *¥x ClHNﬁ 4 \?NHCI *HRKH C12NlC|I 7N ?NC 15
C1N ~ NC1 N ~ /N N N~ / N
& gHCl | ECI
0 2
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HP-10 Speer carbon working electrodes were used in all but two

of the tests. It was observed that the working electrodes often
became covered with a film during discharge. In some of the tests,
working electrodes were replaced when film formation occurred.

This often resulted in a return to initial cathode open circuit

voltages.

Lithium counter electrodes were used for the initial half-cell
tests this quarter. However, since no form of separation was

used to prevent attack of the counter electrode by the active
organic material, later tests were conducted with inert HP-10
Speer carbon counter electrodes. It is interesting to note that
lithium was reasonably stable for the duration of the test
(approximately six hours) in many of the dissolved cathode-
electrolyte systems, namely, 1 molal solutions of ACL-85 in AlCls-
acetonitrile* (AN), 1 molal solutions of ACL—85 and TCM in LiPFg-
dimethylformamide (DMF), and 0.1 molal solutions of HCM in LiP¥g-

DMF .

Ag/AgCl reference electrodes were used in most of the half-

cell tests. They were replaced if they appeared to deteriorate
during the test. Ag reference electrodes were used in solutions
in which Ag/AgCl was extremely unstable. Figure le, page IV-25,
illustrates the effect of using a Ag reference electrode rather
than a Ag/AgCl electrode. The discharge curve for 1 molal ACL-85

contains fewer variations when a Ag reference electrode is employed.

The results of the half-cell screening of dissolved active organic
cathode materials using HP-10 Speer carbon working electrodes are
summarized below. Further details and graphs of cathode voltage

vs. current density can be found in Figure 1, pages IV-20 through

Iv-32.

e SRS B

* Farlier results have shown lithium to be extremely unstable in pure
acetonitrile; therefore, some form of corrosion inhibition may be taking
place in this solution.
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Current Density Which
Could Be Maintained
Before The Cathode
Voltage Became More
~Negative Than -1.0V

Electrolyte

Active Cathode Material (1 molal)

A. Systems in Which HP-10 Speer Carbon Served as the Counter Electrode

1. 0.1 m MDB LiPFg-DMF 2.5 ma/cm?

2. 1.0 m MDB LiPF-DMF 2.5 ma/cm®

3, 0.1 m ACL-85 LiPFg-DMF 2.5 ma/cm?®

L. 1.0 m ACL-85 LiPFg-DMF 20, 40% ma/cm?
5. 0.1 m TCM LiPFg-DMF 5 ma/cm?

6. 1.0 m TCM LiPF g-DMF 10 ma/cm?

7. 0.1 m TCM LiPFs-NDA 0.5 ma/cm®

8. 0.1 m HCM LiPF g-DMF 15 ma/cm?

9. 1.0 m HCM LiPFg-DMF 20 ma/em®

B. Systems in

Which Lithium Served as the Counter Electrode

1. 0.1 m ACL-85 A1C15-AN 5 ma/cm?

2. 1.0 m ACL-85 A1C1g-AN 1 ma/cm®

3. 0.1 m ACL-85 LiPFg-DMF 10 ma/em®

4. 1.0 m ACL-85 LiPF~DMF 10 ma/cm?

5. 1.0 m TCM gel**  LiPFg-DMF 10,20, 5 ma/cm@%%%
6. 0.1 m HCM LiPFg-DMF 40 ma/cm?

7. 1.0 m HCM LiPF g-DMF 80 ma/cm?

In most cases, the electrochemical performance of these organic

cathodes was at least equivalent to that of inorganic cathodes

which have been tested.

HCM, which could sustain a discharge

of 80 ma/cm2 vs. lithium at a 1 molal concentration in LiPFg~DMF

»

without excessive polarization, exceeded the capabilities of any

inorganic compound tested thus far.

* Values are for systems with Ag and Ag/AgCl reference electrodes, respectively.
** When 1 molal LiPFg-DMF was made 1 molal in TCM, within several days the
entire solution reacted to form a gelatinous substance. It was found that
the electrochemical activity of this gel decreased on standing.
*¥%¥¥ Values are for systems with HP-10 Speer carbon, Cu, and Ag working electrodes,
respectively.
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Because of their low equivalent weights, high open circuit
voltages, and ability tc maintain substantial current densities,
the organic cathode materials will be investigated further. Modi-
fications in the testing procedure may include the use of non-
porous carbon electrodes to assure reproducibility of results,

the use of Ag rather than Ag/AgCl reference electrodes, and the
utilization of separator materials to prevent migration of the

active organic material to the anode.

Density and viscosity measurements were made for a number of the
dissolved active organic materials before and after discharge.

If high molecular weight products are formed in the electro-
chemical reaction, they should cause an increase in viscosity

and density of the solution. An increase in viscosity was indeed
noted in seven of the ten half-cells. However, the accuracy of
the measurements was limited in a number of the tests because of
gas evolution and solid formaticn in the solution. Density and

viscosity data are given in Table V, page IV-33.

Coulombic efficiency studies and linearly varying potential studies
y y ying p

of dissolved organic cathode materials are discussed in sections

B.2.b. and B.3.b., respectively.

2. GCoulombic Efficiency Studies.

a.

T — I T U U T W

Inorganic Cathodes.

Coulombic efficiency determinations were carried out this quarter
with cupric fluoride filter pad cathodes, sintered cupric fluoride
electrodes, and several pressed inorganic cathodes. N-Phenyl-N,N,N-
trimethylammonium hexafluorophosphate [KC6H5)(CH3)3NPF6] -dimethyl-
formamide (DMF), LiC1-DMF, and LiCl0O4-propylene carbonate (PC)
electrolytes were emploved. Lithium anodes and Ag/AgCl reference
electrodes were used for all of the tests. All but two of the
discharges were allowed to prcceed spontaneously through a transis-

torized variable resistor which automatically adjusted the resistance
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to maintain constant current. The two forced discharges are
clearly identified in Table VI. Coulombic efficiencies were

calculated using a cut-off voltage of 0.2V for the cell.

Two cupric fluoride filter pad cathodes discharged at 1.79 and
9.2 ma in (CgHs)(CHs)aNPFg-DMF yielded efficiencies of 1hl.6%

and 191.3% respectively. These efficiencies in excess of 100%
are ascribed to the reduction of some component of the electrolyte
which contributes to the total number of coulombs obtained. This
is substantiated by the linearly varying potential (LVP) scans

of various electrolytes depicted in Figure 6, page IV-82, and by
the plots of cathode voltage vs. per cent theoretical coulombs

in Figures 2a and 2b, pages IV-42 and IV-43. A major portion of
the discharges shown in Figure 2 occur at voltages where electro-
lyte reduction can take place as demcnstrated by the LVP scans

in Figure 6c, page IV-8k.

All coulombic efficiency studies of sintered CuF, electrodes

this quarter were made using LiCl04-PC electrolytes. Sintered
CuF, electrodes prepared in a tube furnace purged with nitrogen
yielded efficiencies ranging from 35.3% to 54 .5% when discharged
at approximately 2 ma. Similar electrodes discharged at approxi-

mately 10 ma yielded efficiencies of 18.3 and 31.T%.

The coulombic efficiencies of sintered CuFy; electrodes prepared
in a metallurgical press (hot pressed) ranged from 14.8% to 58.7%
for 2 ma discharges. At approximately 10 ma, electrodes prepared
in the same manner yielded efficiencies of 3.4% to 28.2%. 1In
testing the sintered CuFz cathodes prepared in a metallurgical
press, several variations were introduced. These variables are

given below:

1. Use of a minimal amount of electrolyte (approximately

2-%3 ml) rather than 25-30 ml.
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2. Vacuum and nitrogen-drying¥* the CuFy prior to

~sintering.

3. Forcing the cell to discharge at a given current
rather than allowing it to proceed spontaneously

through a transistorized variable resistor.
4. varying the substrate metal.

Coulombic efficiency calculations were also made for several
pressed inorganic cathodes. A nickel hydroxide electrode dis-
charged in LiCl04-PC at 1.5 ma/cm2 gave 21.4% utilization of

the active material.

A silver oxide cathode discharged at 1.79 ma/cm2 in (CgHs)(CHg)xs-
NPFg-DMF yielded an efficiency of 168.7%. ‘When the test was
repeated using a filter paper separator between the anolyte and
catholyte, the coulombic efficiency was 117.7%. The reduction

of some component of the electrolyte has been postulated as

being the cause of efficiencies in excess of 100%. A silver
oxide cathode discharged in LiC104-PC, again with a filter paper
separator, polarized rapidly at 1 and 5 ma/cm2. A coulombic

efficiency calculation was not attempted for this cell.

Two vanadium pentoxide cathodes were tested in LiCl04-PC at
1.3 and 5 ma/cmz. The electrode discharged at 1.3 ma/cm2 was
68.1% efficient based on a one electron change per vanadium
atom. The second vanadium pentoxide electrode yielded an

efficiency of 1.1%.

¥ The method of drying was similar t8 that described on page 2 for LiPFg.
The CuF, was nitrogen-dried at 130 C for 18 hours.
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The data for the coulombic efficiency tests are presented in
Table VI, pages IV-34 through IV-L1l. Plots of cathode voltage
and cell voltage vs. per cent theoretical coulombs are de-
picted in Figure 2, pages IV-42 through IV-59, for a number
of the tests in Table VI.

b. Dissolved Active Organic Cathodes.

Coulombic efficiency determinations were made for m~dinitrobenzene¥
(MDB) and trichloroisocyanuric acid (ACL—SS)** using lithium anodes
and HP-10 Speer carbon working electrodes. Calculations were

based on a cut-off cell voltage of 0.2V. A one molal solution of
MDB in 1 molal LiPFg(undried)-dimethylformamide yielded an

efficiency of less than 1% at an average current density of 1.6 ma/cm?.

ACL-85 at a concentration of 0.01 molal in 1 molal LiPFe(dried)—
N-nitrosodimethylamine (NDA) gave efficiencies of 11.7% and T0.0%
at average currents of 10.2 and 1.9 ma**¥ respectively. Both cells
were operated under forced discharge conditions. Plots of cathode
voltage and cell voltage vs. per cent theoretical coulombs for the

ACL-85-LiPFg-NDA cells are depicted in Figure 3, page IV-60.

3. Linearly Varying Potential Studies.

a. Inorganic Cathodes.

Linearly varying pctential studies were made of sintered cupric
fluoride cathodes, thin film cathodes, and pressed inorganic

cathodes.

Linearly varying pctential scans of cupric fluoride sintered on
copper foil, copper screen, and aluminum and silver expanded metal
are depicted in Figure ha, page IV-62. These electrodes were
prepared by clamping the samples in a die and heating the die in a
nitrogen-purged tube furnace. (A detailed description of this

method of sintering is presented on page 4.) 1LiCl04-propylene

* The coulombic efficiency calculaticn was based on a 17 electron reaction.
¥*% The coulombic efficiency calculatiocn was based on a G electron reaction.
*¥%% Approximately 5 and 1 ma/cmz, respectively.

~
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carbonate (PC) electrolytes (1 molal) were employed. The higher
currents supported by the Cu screen and Ag expanded metal are
probably due to the presence of more active material on these
relatively open substrates. The Al substrate values are lower
than might be expected on a similar basisj; however, if a film

of aluminum oxide were present on the surface of the substrate,
the internal resistance drop would be high, thereby lowering the
observed current. The double wave appearing in the Cu foil scan
is of interest since the only difference between this sample and
the other three is the substrate. The doublet is indicative of

more than one electron transfer step taking place.

The initial anodic currents observed in these scans may create
changes in the surface which interfere with the reactions causing
the cathodic currents. For this reason, later scans of sintered
cupric fluoride electrodes were made with the initial potential
set equal to the open circuit voltage of the cathode half-cell.
In this way, the initial anodic currents were eliminated and

interference with cathodic reactions was avoided.

Using this modification in the linearly varying potential tech-
nique, cupric fluoride sintered on aluminum was scanned again.

(see Figure 4b, page IV-63.) The cathodic current in the O to
-1.0V range was decreased from the values in Figure La when the
scans were started at the initial open circuit potential. The
lower currents in this range may have resulted from the elimination
of oxidation reactions which might take place when the scans are
started at more positive voltages. 1If oxidation of some substance
occurred, its subsequent reduction would enhance the cathodic

current.
In Figure 4c, page IV-6H, linearly varying potential scans of

cupric fluoride sintered on silver expanded metal in a metallur-

gical press are depicted. Several reduction waves are evident
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and cathodic currents are considerably higher than in Figures

ha and 4bh. It should be noted that a LiPFg-N-nitrosodimethylamine
(NDA) electrolyte (1 molal) was used in this test rather than the
LiCl04-PC electrolyte used for the earlier studies. Linearly
varying potential studies of LiPFg-NDA will have to be made in

order to make a complete evaluation of this system.

Cupric fluoride thin films formed on copper foil by solvent
evaporation and electrodeposition were evaluated by the linearly
varying potential technique. Copper oxides (I and II) produced
during the electrolysis were also studied. (See pages 6 and 7 for
details of fabrication.) No distinctive features are present in
the scans of cupric fluoride thin films depicted in Figure 4d, page
IV-65. Comparison with the curves for LiC104-PC and copper foil
electrodes in Figure 6a, page IV-82, indicate that the current
from the small amount of cupric fluoride present may be obscured.
The scans of copper oxides are presented in Figure ke, page IV—66,
for comparison with the scans of cupric fluoride thin films.
xamination of the cupric fluoride curves in Figure Nd, page IV—65,

indicates a strong possibility that a copper oxide is being reduced.

Linearly varying potential studies were carried out on a thin film
of copper sulfide on copper foil. (See page 7 for details of
fabrication.) An N-phenyl-N,N,N-trimethylammonium hexafluoro-
phosphate-dimethylformamide electrolyte was employed. Several

of the voltage scans are depicted in Figure 4f, page IV-67. The
initial scan shows a large reduction wave at about -0.2V with only
a hint of a second reduction at more negative voltages. Very little
oxidation is evident in the reverse scan. As the potential range
examined was broadened and more scans were run, definite changes
in reactions took place as illustrated by scans 5 and 9 in Figure
Lf page IV-67. Several reduction waves are now present. These

all seem relatively reversible as evidenced by oxidation waves at
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similar potentials. Thus, reduction at a copper sulfide electrode
after the initial scan appears to involve complex interactions with

the electrolyte.

Linearly varying potential studies of pressed inorganic cathodes
are depicted in Figure bg to 4i, pages IV-63 through IV-Tl. The
electrochemical characteristics of antimony trifluoride and

cupric fluoride and silver oxide combined with antimony trifluoride
were investigated. LiC104-PC electrolytes were used. As can be
seen in Figure 4g, pages IV-68 and IV-69, the addition of carbon
and a Solka-Floc binder to antimony trifluoride increases cathodic
currentsvconsiderably. The use of silver rather than nickel as

the substrate metal also seems to improve electrochemical perfor-

mance. The curves for antimony trifluoride exhibit no distinctive

reduction waves, possibly because of the large resistance encountered

with pellet-type cathodes.

Figure 4h, page IV-70, illustrates the effect of adding a small
amount of antimony trifluoride to a cupric fluoride electrode. A
cupric fluoride electrode containing 10 wt. % SbF5 produced
significantly higher cathodic currents than a similar cathode con-

taining a carbon additive in place of the SbFg.

The linearly varying potential scan of a silver oxide cathode
containing 10 wt. % antimony trifluoride in Figure 4i, page IV-T1,
contains no distinctive features other than a reduction wave which

is beginning to appear as -2.0V is approached.

Dissolved Active Organic Cathodes.

Studies were made of N-chlorosuccinimide and 2,4-dinitrophenol
at two concentrations in a one molal LiPFg-dimethylformamide
electrolyte. The results of these tests are shown in Figures 5a
and 5b, pages IV-T3 and IV-Tk, respectively. The expected in-
crease in current with increasing concentration was found for
N-chlorosuccinimide. However, it is interesting to note that,

over the voltage range examined, the E,M—dinitrophenol shows very
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little dependence upon concentration. Thus, it may be postulated
that the reduction of 2,k-dinitrophenol proceeds through a con-

centration independent step in the voltage range studied.

Linearly varying potential scans of the positive halogen com-
pounds, trichloroisécyanuric acid (ACL-85), trichloromelamine (TCM),
and hexachloromelamine (HCM) are shown in Figures 5c through 5h
on pages IV-75 to IV-80. The high currents obtained in half-

cell screening tests for these compounds are also present in

these scans. Studies were made of the gelled material formed by
the reaction of TCM with the one molal LiPFg-dimethylformamide
(DMF) electrolyte and of a saturated (<J_nm1al) solution of TCM
in one molal LiClO4-propylene carbonate. Typical curves for these
systems are shown in Figures 5d and 5e, pages IV-76 and IV-T7T.

In addition, a comparison of the initial scan in each electrolyte

is given in Figure 5f, page IV-78.

Figure 5g, page IV-79, gives a comparison of TCM at two different
concentrations in 1 molal LiPFg-DMF. There is no marked
difference in the two curves, although the increase in current

is less than one would expect with a ten-fold increase in con-

centration.

C. Electrolytes.

1.

Distillation and Characterization of Solvents Employed in Electrolytic

Solutions.

Twelve week tests for N-nitrosodimethylamine (NDA), distilled according
to the method described in previous reports, have been completed.
These tests include the measurement of refractive index and specific
conductivity of the various fractions, which are stored in a dry
argon atmosphere between tests. It was found that the refractive in-
dex of undistilled NDA differed from the indices of the distilled

1A

fractions, initially and after 12 weeks. Differences in specific

conductivity were not significant and comparison is difficult because
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the measurements are being made at the lower limits of the conduc-
tivity bridge. The refractive indices of the distilled fractions
remained virtually constant during the twelve week period. Specific
conductivities showed a slight increases The data for the twelve

week tests are given in Table VII, page IV-31.

Treatment With Inhibitors.

Experimentation has shown that lithium is considerably more stable
in N-phenyl-N,N,N-trimethylammonium hexafluorophosphate~dimethyl-
formamide (DMF) solutions than in DMF alone. This has led to the

hypothesis that a substituted amine might possibly be useful as a

corrosion inhibitor.

During this reporting period, one tertiary amine, tri-n-propylamine
(TPA), was tested for ability to prevent corrosion of Li by DMF. A
piece of lithium in DMF was completely consumed in 16 hours, leaving
a yellow-orange gelatinous precipitate. Lithium in TPA turned black
and gassed for 8 hours but no further change occurred. When a one
molal solution of TPA in DMF was prepared, two liquid phases were
formed. A piece of lithium floating in the TPA layer became covered
with a white solid but no appreciable consumption occurred. A
gelatinous precipitate similar to the one formed in pure DMF was pro-
duced in the DMF layer. When a piece of lithium was placed in DMF
saturated with TPA, a large amount of precipitate was formed but the
metal did not appear to be completely consumed. Therefore, it can
be concluded that TPA does, to some extent, inhibit lithium con-

sumption by DMF.

Stability of Anode Materials in Electrolytic Solutions.

Stability tests of two weeks duration were made for lithium and
calcium in electrolytes which had been pretreated with the same
metals. Half-cell screening of anode metals in pretreated elec-
trolytes was described in previous reports. These tests had indi-

cated that pretreated electrolytes might prevent anode corrosion
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by the electrolyte without significantly decreasing the ability of

the systems to sustain high current densities.

Lithium and calcium strips were placed in Li and Ca pretreated
solutions (1 molal) of morpholinium hexafluorophosphate in dimethyl-
formamide and Nenitrosodimethylamine (NDA). Lithium in pretreated

morpholinium hexafluorophosphate-NDA was the only stable system.

Linearly Varying Potential Studies of Electrolyte Decomposition.

In view of the coulombic efficiencies in excess of 100% obtained with
some cathodes in N-phenyl-N,N,N-trimethylammonium hexafluorophosphate-
dimethylformamide electrolytes, a study was made to determine whether
some component of the electrolyte might be contributing to coulombic
output. In these coulombic efficiency tests, a reduction plateau
occurs in the -1.5 to -2.0V range. Linearly varying potential scans
were made of a series of electrolytes to determine whether or not this

plateau could be attributed to electrolyte reduction.

Linearly varying potential scans were made of LiCl04-propylene car-
bonate (PC), LiCl-dimethylformamide (DMF), and N-phenyl-N,N N-tri-
methylammonium hexafluorophosphate-DMF using carbon, copper, and
silver working electrodes. The scans are depicted in Figure 6, pages
I1V-82 through IV-84. The scans made with Cu working electrodes were
not definitive. They were complicated by the presence cf reduction
waves in the O to -1V range which might possibly be attributed to
copper oxides formed at more positive voltages. The linearly varying
potential scans made with Speer carbon working electrodes show re-
ductions occurring in the -1.5 to -2.0V range for the DMF electrolytes.
This does not occur in the LiCl04-PC system. A linearly varying
potential scan of LiC104-PC made with a Ag working electrcde shows
very little reduction taking place at voltages as negative as -3.0v.
These studies substantiate the hypothesis that DMF is being reduced

during full cell dischargeso
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D. Components.
1. Separators.

Three types of separators, anion exchange membranes, filter paper,
and an epoxy membrane, were tested under full cell conditions dﬁring
the sixth quarter. The method of evaluating the separator materials
was as follows. A polypropylene cell containing two lxlxl cm wells
separated by a 1 cm® piece of the membrane was used for the tests.
The anode and cathode or cathodic current collector were placed
against the cell walls at a distance of 1 cm from either side of the
membrane. Reference electrodes, masked with tape on one side, were
placed in the anolyte and the catholyte. They were located as close
to the membrane as possible to allow for an accurate measurement of
the potential drop across the membrane. The tape prevented contact
of the reference electrode with the membrane. The voltage readings
of anode reference electrode vs. cathode reference electrode in
Table VIII, pages IV-85 through IV-93, are indicative of the drop
in potential occurring across the membrane. Current was gradually
increased through a transistorized variable resistor to the maximum
amount which the cell could maintain and was then decreased in the
same manner to O ma. The cells were then allowed to discharge at
maximum current so that a sufficient amount of reaction products

would be formed for X-ray analysis.

The results for the full cell testing of the three separator materials

are described below.

a. Anion Exchange Membranes.

The testing of an anion exchange membrane (E—545l—l/2, Ionics, Inc.)
using a Li-CuCls°2H50 couple was repeated during the sixth

quarter. The CuCly'2H0 was dissolved in an N-phenyl-N,N,N-
trimethylammonium hexafluorophosphate-dimethylformamide (DMF)
electrolyte. 1In the original test, described in the Fifth
Quarterly Report (page IV-T3), leakage of CuCls-2Ho,0 into the

anolyte was visually apparent. The test was repeated to determine
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whether leakage had occurred because of poor mechanical con-
struction or through the membrane itself. No leakage occurred
in the second experiment. The anion exchange membrane proved

unsatisfactory. The potential drop across the membrane during

a 5 ma discharge exceeded 2V causing cell voltage to approach OV.

A fuel cell membrane (E-TOB}, Ionics, Inc.) equilibrated in DMF
was received during this quarter. Previous anion exchange mem-
brane samples were equilibrated in water and had to be re-
equilibrated in the electrolyte solvent, whereas this membrane
could be used '"as received." The DMF-equilibrated fuel cell
membrane exhibited only slightly improved performance over the
E—5451—l/2 membrane under the same test conditions. The poten-
tial drop across the membrane was 1.83V at a maximum current of
7.1 ma. X-ray diffraction analysis of the anode showed that

copper deposition had occurred on that electrode.

The DMF-equilibrated membrane was re-equilibrated in N-nitroso-
dimethylamine (NDA) and was tested in a cell consisting of a
lithium anode, CuCly-2H,0 dissolved cathode, and N-phenyl-N,N,N-
trimethylammonium hexafluorophosphate-NDA electrolyte. The

loss in voltage occurring across the membrane was < 0.5V in

this cell. However, overall cell performance was poor and the

copper current collector was attacked by Ag ions presumably

introduced into the solution from the Ag/AgCl reference electrode.

X-ray diffraction analysis did not conclusively show whether the
membrane had achieved separation of anolyte and catholyte. The
results of the full cell testing with the fuel cell ion exchange

membrane are given in Table VIII, pages IV-86 through IV-89.

Filter Paper.

A cell consisting of a lithium anode, AgO cathode, and N-phenyl-
N,N,N-trimethylammonium hexafluorophosphate-DMF electrolyte was

discharged with a No. 4O Whatman filter paper separator. The
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drop in potential across the membrane was <1V at currents as
great as 20 ma. The results for the above test are given in

Table VIII, pages IV-90 and IV-Ol.

c. Epoxy Membrane.

The separating capabilities of a Versapor epoxy membrane, No.
6429 (Gelman), were evaluated using a trichloroisocyanuric acid
(ACL-85) soluble cathode. A lithium anode, an inert carbon
cathode current collector, and LiPFg-dimethylformamide electro-
lyte were employed. The membrane was stable in this system and
X-ray diffraction analysis gave no evidence for attack of the
lithium anode by the active cathode material. The maximum loss
in potential across the membrane was 0.81V at 7 ma. However,
overall cell performance was poor due to cathode polarization

of > 1V at low current densities.

The experimental details for the testing of the Versapor epoxy
membrane are given in Table VIII, pages IV-92 and IV-93. The
separating characteristics of this membrane will have to be
tested using another soluble cathode, possibly CuCly-2H0, before

an adequate evaluation can be made.

Case Materials.

A study of the stability of possible case materials in various elec-
trolytes has been initiated. Polyethylene and polypropylene were
tested for two weeks in electrolytes prepared from NH.PFg, morpho-
linium hexafluorophosphate (O/CHQCHZ\NHQPFG), and (CgHs)(CHg)sNPFg
~CHoCHp .~
in NDA and DMF. The two materials were stable in the pure solvents

and the electrolytes over the two week period. The results of these

tests are presented in Table IX, page IV-Ok.
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The major problem continues to be that of developing a cathode with suitable

characteristics for a high energy density battery.
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III. WORK TO BE PERFORMED

A. During the Next Quarter.

1.

Anodes.

Although the anode half-cell screening program is essentially com-
plete, exceptions will be made for promising anode-electrolyte com-
binations. Because of the recent investigation of dissolved organic
cathode materials, the stability of anode metals in these systems

will be determined.

Cathodes.

Fabrication and electrochemical testing of sintered (hot-pressed)
and pressed inorganic cathodes will be continued. The investigation
of dissolved active organic cathodes will also be continued. The
solubility of these compounds in various electrolytes will bé deter-
mined. If any cases of limited solubility are found, the use of a
pressed, pellet-type organic electrode in a solution saturated with
the same organic compound may be possible. This would eliminate the
diffusion limitations exhibited in the soluble cathode-electrolyte

systems.

Linearly varying potential studies and coulombic efficiency deter-

minations will continue to be made for promising cathodes.

Electrolytes.

Purification and characterization of solvents used in electrolytic
solutions will be continued. Further studies will be made of elec-
trolytes which permit higher anode discharge rates. These studies
will include measurement of specific conductance, density, and vis-

. o . .
cosity at 25 C over a wide range of concentrations.
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Components.

Further testing of separators, particularly when liquid or dissolved
cathodes are employed, will be made. Separator materials being in-
vestigated include various ion exchange membranes, porous plastics,
and filter paper. An investigation of case and lead materials for

compatibility with electrolytes will be continued.

Batteries.

Systems showing promise in half-cell screening tests will be assembled
to yield information on problems associated with construction of com-

plete systems.

During the Next Month.

1.

Anodes.
The stability of anode metals in the dissolved organic cathode-

electrolyte systems will be investigated.

Cathodes.

The fabrication and electrochemical testing of sintered cathodes and
pressed inorganic cathodes will be continued. Sintered cupric fluoride
cathodes containing carbon will be prepared in an effort to improve

cathode voltages.

The investigation of dissolved ective organic cathodes, particularly
the positive halogen compounds, will be continued. The solubility of
these compounds in various electrolytes will be determined. If any
cases of limited solubility are found, the use of a pressed, pellet-
type organic electrode in a solution saturated with the same organic
compound may be possible. This would eliminate the diffusion limita-

tions exhibited in the soluble cathode-electrolyte systems.

Linearly varying potential studies and coulombic efficiency studies

of inorganic and organic cathode materials will be continued. Several

-30-



< T e

—

coulombic efficiency tests will be carried out using a minimal

amount of electrolyte in order to approach actual battery conditions.

Electrolytes.

The distillation of solvents being used in electrolytic solutions will
continue. Characterization of these solvents will be made using a

gas chromatograph.

Further studies of electrolyte decomposition will be made using the
linearly varying potential technique. Inert, non-porous, pyrolytic
graphite electrodes will be employed to assure accurate interpretation

of the discharge curves.

Components.

Full cell testing of separating materials will be continued.

-31-
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TABLE IV. ELECTROCHEMICAL HALF-CZLL SCREENING
OF PRESSED INORGANIC CATHODES

Physical Details

Electrochemical Details For Cathodes
Evaluated in Five Minute Discharges
at Various Current Densities

Electrochemical Details For Cathodes
Evaluated From Linearly Varying Potential
Scans

IV-€

Page
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IV-19



IKA-23dN

11 €(*u0)(%u®)
11 0d-¥01011
ANA-°JaN

11 ®(®HD)(°H®))
ANA-°J4N

11 ©(®HD)(Su®0)
apoa3y AHmHoE Hv
-2913 231410130919

kuESOU

T

B2 pPBY 2pOoyled ayJ

"WuOOg *0 JO SS3U¥ITY3I
‘pasn

219m XTw 3o 3QHS0°0 T "ON
I03 udAT8 3BYl 03 IBOTIUSPI
sem uotieaedaad jo poyzsw ayg

B pBY 2poyled ayl

‘wwGQzZ O JO SSIUNITYI
*pasn

319m XTw jJo B¢T60°0 T °'ON
103 U9ATE 3Byl 03 TEBOTIUIPT
sem uotrzeaedsad Jo poyjzewm ayg

*ON 103 uaA18 3BY3l 03 1EDTI3USPT
sem uorjieaedsad jo poyzswm ayg

TMOTY3 B peEY Spoyied 3Iyj
axam XTw jo 8QK0°H

‘umzg ) Jo ssau
*pasn
*ade3 yam

paysew Sem 9poOAIDIT[I Ayl Jo

9pTS 2uQ

‘XTajew _wdOT B uO0 WD

< =4

\QH 0N0¢GT 3e possaxad sem jeuw

snoxod Bur3iinsai ayg

*{auuny

Iauyong B UO pPIA3ITIJ SBM XIW
11

2poy3ied a8yl jo Lianys asueiday y

uorjeiedaag Jo poyiay

Te3°W
paruedxa 8y

Te3oW
popuedxa 3y

Te3au
papuedxa 8y

1e38W
papuedxa 8y

XTIIBKW

*¢ *ON 103 usAI8
Jeyl o3 [eOTIUSPT
sem uorjtsodwod aug

*dind aaded

133713 % ‘Im 66
‘¢-0nz ‘oN @3Tydead
UOXTQ % "IN 6°6
‘P010TT % '3Im O°0OT
Zand 9% tam 2oL

-dind 1sded 193713

$ "am TIT ‘Cx-coz

‘ON @3T1ydeid uoxiqQ %
M TT ‘Gand % Cam gl

*dind asded 1237113
% “am TT ‘¢H-002
"ON @231ydead uoxiq %

Im TT ‘Gdand % tas Q)

XTW 2poy3led
Jo uo13Tsodwo)

€qnd 4
ey ¢
T
=
€iny 7 =
gan) T
1eTI93ER
apoyie)d
9ATIOV

sT1e3aq 1e2T1sAyd vy

SHQOHLVD OINVOUONI QISSHYd J0 ONINIATUDS TTID-IIVH TVIIWIHDO04IDATH

‘AT F19VL

- ‘1 LS el med Dt st Sk A S N B



B!

J

19!

mmr wm A Alm A cmmea o P, tmmmr mmammacran avamra avea T

A T T T [ S A L L

‘uuh) T JO SS3UNDTYI

B peY 2pOoYy3led YL " #ITP

ay3 woaj 3a71ad ay3 sjeaedss

03 pasn sem asded 193714

"ZU9/q1 200°0T 3o sanssaad e

je XTIjew _wd] B uo passaid

0d-701011 d1am oaniXTw 3y3 3o 3H46STT0
‘umth O 3O ssau

=391yl B pey apoyied IJY] °posn
a1am XTw jJo B4TRO'0 ‘"sanoy QT
*BD 103 p3IATIS SEM UOIINTOS
JWa 2y3 3eys 3dsoxs § "oN

I03 usaI1f 3BY3 SB 2wes 3IY3

sem uotr3zeaedsad jo poyjaum 3yl

dRA-23dN
®(°H0) (SH®D)

‘uwggtO JO SSIUNITY3I B pey
apoyles 3yl °‘posSn aI3M XTW JO
86671 0 "L31soxod oseaadur pue
®34NF (®HD) (SH®D) @u3 dAT0SSTP 03
sanoy ¢ *BD X0J pPIIATIS Sem
uorInios °yi pue JWG PA11TI
-s1p ur paoeid sem apoijlodsis
ayl ‘ade3 yaTm paniSew Jou

seM 2poa3oaI® 8yl inq T ‘ON
103J uaai1d 3BY3l 03 [EBOTIIUSPI
sem uorjeiedaad jo poylsw 3yl

AWA-24dN
mAmmU\mmmmo\

apoa13l
-o3T1d
193uno)n

(1etow T) uotjeaedailg jo poylIaW

234701399711

*Burssaad 1933 pdAcwaa

(penurjuo)) syIe3laq 1ed>Isdud 'V

(panutiuo); SECOHIVD DINVOYONT QASSHTAd 40 ONINITYDS TIAD-JTVH TVDIWHHOOUIOAIA ‘Al TIGVL

TS 3 o vroisTmuscs svocaad ~ opoom o eme x~ded rantTx
"O0T4-B{IOS
% Im TT “ddeIq
TE33W suardiade ¢ "Im
papuedxs 8y 1T ‘Zand % 3Im gL gqny -l
*¢ *ON 103 u3aatg
Te35W Jeysz o3 TEOTIIUIPT
papuedxa 3y sem uorlrsodwed 3yl €qm)y 9
*dind aaded 1937113
% “3IM 66 ‘¢h-002 "ON
931ydeas uoxrd % "Im 6°6
Te3sw ‘©4aN®(°HD)(SH®D) % "3In
papuedxe IN 0°0T ‘4nd % ‘Im 2°0L gy 5
XTa3e|R XTW 2poyaed TeT193ER
Jo uo1irsodwmo) apoyaied
9ATIOY

1v-8




11 0d-¥01071

11 0d4-701071

11 0d-%01011

11 0d-701011
apoil (1e1ow T)
-oa1d 9341013092713
123uno)

UL 3323 OpoIlo3TT TIctasousdwy ur 3o uworsTuxey avtsioxd oz poasn sean xoded ae
S 3 T RS ¥ J I 3 174

"tmGEtO FJO SSPUWITYI ' pey
apoy3ed ayl °_wd/q1 000‘0T 3O
aanssaad ® 3@ XTajew JwdT B UO

pessaid axam xTw ay3l jo 303L2°0

*xood sem XTajeuw ay3 o3
TBTI23BW 3ATIOER 2Y3 JO UOTSIY
-pY ‘umCH°(Q JO SSIUNDTYI B pRY
dpoyaed Ayl .mEo\nH 000‘0T 30
sanssaad B 3@ XTIJBW LWOT B UO
pessaad axam XTw ¥yl 3o 3QTHO'O

‘umn),0°*T JO SS3aUNDTYI B

PBY 2pOYlEd 3YJ “%9TIP 9yl woay
38712d ®y3 93eaedas 03 pasn sSem
aaded 2237Td *ZWO/q1 CCO‘OT 3O
aanssaad e e XTajeuw NEUH. e uo
poessaad sem 2an3xtTw 3YL ‘SIn)
y3Im paxiw sem ajelrdrocaad

3yl pue JJO paial[}J Sem juaA
-10s 3yl ‘23eucqaed auajfdoad
UT POXIW 3I9M SIATITIPPE OBIQ
auaTf3aoe pue colJ-BY[OS Syl

‘wwoo T Jo
SSau¥OTYl B pBRY IpOoyieo 3yl
.NEU\ﬂH 000°0T 3o @anssaad e
Je XTajew _wdT B uvo passaad
219M 2an3xTw Y3 jo 20IQT’O

uoijeaedaiad Jo poyi=Kl

*3urssaad 19338 poaowsa sem xaded 193713

*
Te38W ‘n) 9%
pepuedxs 2y *Im G ‘Sand 9 *3IM G6 2y °TT
*0073-BY10S % *3I4 OT
1B3°W ‘yoe1q suaikisde %
papuedxs 3y *Im G ‘Bgnd ¢ Im GQ gand ‘0T
"SoTd-BRToS % ‘I
1B3I°W 1T “3de1q suskiede ¢
papuedxs 8y . *Im TT ‘€and % "Im QL ginp 6
"o0T4-ejT0S % "IM
Te32u TT “soe1q 2uaifiade ¢
papuedxs ny  -3m TT ‘Gand % ‘Im QL 2and g
XTA3BKH XTW 9poyied 1e1193EN
jo uot3lrsodwo) apoyae)d
9ATIOV

(penurjuo)) syle3laq [ed1sdud 'V

(penuTluO0) ;) SAQOHIVD DINVOYONI QASSTId 40 HNINIATIOS T10-ITVH TVOIWIHOOUINTTIA Al TI4Vl

Iv-9




‘3urssaxad 19338 paAcwal
sem 1aded 193713 9yl °O°SEF epoa3oals alqeazausdwy ue jo uoljewrol Fu~a2ad o3l pssn sem aaded 193TTJ

*
212 /41 000°0T 3o *o0TI-BY0S
sanssaid e 3B XTIjew _WdT B U0 Tel=w % *In ¢ ‘IN % "am
11 0d4-%01011  possaad aasm XTW Byl 3o 3L95%°0 papuedxa TN 0T ‘C4IN % "3Im 6@ SIIN ‘9T
*20TJ-BYT0S % *IM OT
"2W2/q1 000DT 30 ‘yoe1q suaikiade ¢
aanssaid e 3B XTajew Lud] B TO 1B33W *am 0T ‘®aqs 4 cam €1qs
11 0d-%01011  psssaad axsm xTw 9yl 3o 3QLIE°O papuedxa n) 0T “®and % “am oL + 243 "ST
"umgh T 3o
SS2UNOTY3 B PBRY Ipoyaed 3yl
.NEQ\JA 000°0T 3o @anssaad ® *2073-BYT10S %
Jje XTajew _wdT e uo passaad 1e3°m *Im TT ‘®aqs 4 am ®1qs
11 2d-%01011 da2M danaxXTw 8yl jo BELeHO pepuedxa ny TT ‘Gdand % “am gL + and AT
* W0 /qT 000°ST 30
sanssaid B 38 XTIjew _WOT B UO 1e3°W ‘€398 4 *am €198
11 0d-¥019711  pessaad aixam xTw 2yl Jo 32¢GR°0 pepuedxa 3y 06 ‘2and % *Im oS + 2qnd  "¢Y
‘wwEEt O JO SSIUNTTYL B
pey apoyied 3yl ‘xITP U3 woxJ
319119d @yl ajeaedsas 03 pasn sem
aaded 193714 " wd/q1 000‘OT 3O
aanssaad ® 3 XTijew _Wwd] € UO TB33W 'ny 9%

11 2d-¥o1011 passaad 219m xTW 3Yyjl jo 39602°0 popuedxa 8Y am ¢ ‘2anp & ‘1m GF gy 2T
arci3 (Tetow T, uotjeiedaxg jo poylIay X113 XTW °oFoyae)d 1eTi93en
-0914d 91£10132914 jo uotr3itsodwo) apoyied

I33unon 9ATIOVY

(penuriuo)) syTelaq 1ed>1sdyd 'V

(penutjuo); SHAOHLYD OINVONONT QASSH¥d J0 ONINAENOS TTED-41VH 1VOIWEHOOWIOTTd Al TIGVL

IvV-10




‘uot3TUldT I933E
pouUTWI®]3P JCU SeM ‘S{ETIajew DPOYIED SATIOB JO SWIII UT ‘Dpoa3da[d syl Jo uorjzrsodwod JOBXI SYL %

*I0702 UT 33ITYM Sem pue

o1yl ww/N°T Sem apoyied Jullins
-1 9yl °3¢420°'0 sem uor3jTuldl
U0 SSOT “IATE UT xpalTIufr sem
9p01303T12 Byl Zwd/q1 C00‘OT 3O

sanssaad B 3je XTajewm _wdT B U0 1E3I°W S48y
11 2d-Y01011 psssaad axam xTw 8yl jo BLehh*0 pepuedxa 8y & am 0§ “IN & “Im 0§ SIIN 6T
* 10709

ur Aeald sem pue YOIyl umTH'T SeM
apoyied Bur3jnsax 3yl °39,20°0
sem uor3lTuldT UO SSOT ‘u0qIED

0] P33I39AU0D SBM J0TJ-BYIOS

9Yyl [TIun ITE UT xp23ITuBT Ssem *20TJ-BY10S % ‘Im
2poa3oaTd YL ‘Zwd/q1 COO‘OT 30 T ‘D% "ainT ‘s "am
sanssaad B 3B XTIjJBW _WOT B UO 1B3I8W 6 ‘nd % am 9T 08V % M
11 2d-%01011 pessaad 21sm XTwW 3yl Jo 8Lowhx' o papuedxa 3y *Im iz ‘sen) & "IM Ef §end ‘gl N

TSYV9TI Pe1 Y3ira

Ae18 sem pue OTYy3l wmg T LA[23eUT
-xoidde sem apoyieo Bur3zinsaa ayl
*8¢ETT0 sem uo13lTuldr uO SSOT ‘uoq
-1eD 03 P3]ISAUOD SBM D0TJ-BYIOS
9yl [TIUn ITB UT xpa3TuldT Ssem

apoa3dala 3yl Jwd/qT 00C 0T 3FO *20TJ4-BY10S % "3Im
aanssaid B 3jB XTIJeW _WST B UO Te3°W Z ‘s 9% tam QT ‘nd %
11 04-¥010711  possaxd saam XTW 8yl Jo ECECHH papuedxe 3y am 2¢ 08V % tam o §eny LT
“apoaz (1eTow T) uotjeaedaad Jo FoyleRw XTa13eR X1 9poule) TeTi93BK
-0314 234103309713 Jo uvor3irsodwo) apoyae)d
a9juno) AATIOVY

(panutjuo)) syie3aQ 1BOISAud 'V

‘ (PeruTavo); SACOHIYD DINVOUONI QASSTYd 40 ONINIHYIS TIAD-JIVH TVOIWFHOO¥IOTTIA AL TI9VL

B R ET=.,




11 0d-701071

11 0d-%01011

1 04-7010711

apo13 (1etow 1)

-2914 234L10132914
1923Uno)

*I070D UT 93TYM SEM PUB HOTY3I
wwGe *Z sem ‘(xtajem 3yl Burpnid
-ut jou) 3QA¢SG°0 Pau3Tam apoOy3IBd
guia[nsaa 9yJ ‘uoqaed 03 PpdIIAdA
-u0d Ssem D0TJ-BYIOS 9Yy3l [Taun
ATR UT xPpo3TU8BT SeM 2poIjod1?°
2yl “Zwd/qT OCO‘OT FO @anssaiad
B 3B XTIJBW _UWDT B UO passaad
sem XIW ayj JO junowe TIBWS VY

*10702 Uut

Aex8 sem pue oIyl umw),Q°T SeM
apoy3ed urinsax ayl “BLuyT'0
sem uOoT3ITu8Y UO SSOT ‘uOQaAERD

03 P2313AUO0D SBM D01 JI~BYIOS

3yl JI3UN ITE UT xP23TuBT sem
9p0oa3od31d JYL .NEo\nH 00001 30°
aanssaad e 3Je XTajew _WdT B UO
passaad aaem xTWw 3yl Jo 3.4T5°0

*I0T00 UT

Aea3 sem pue MOTY3 wwgQy'] Sem
apoyied 3uriinsai 3yl “3BTL{0°0
sem uor3jrul8r uo ssoT U0qaABD

03 P93I2AUOD sem O0TJ-BY]OS

2Yy3l TTI3un ITe ul xpa3TudT sem
3poa32273 Yl ‘" wd/q1 000‘NT 3O
sanssaxd B 3B XTIJeW _WOT B UO
pessaad ai2m X1W 9yl JO E9676°0

uotaeaedaligd Jo PoOYlISW

1e32W
papuedxs 8y

Te32W
popuedxs 8y

1B3°W
papuedxa IN

XT1a13el

‘uoT3TUl8T I9313®
pauUIWIAa}ap 3JOou sem ‘STRIASIPW IPOYIED 2ATIOE JO SwId) ul ‘92poalzoals 9yl Jo uoriTsodwod 3OBX3 BUL %

*o01d-eNT0S %
*am G ‘08V % ‘am GE

‘2014
-ex10S % ‘Im G 08V %
"am Gt “IN % 3am 0§

.OO,H.m
-e)T10S % *Im ¢ ‘08V %
am zz “IN % Cam 6L

XTW 2POY3IED
jo uo13Tsodwo)

08y 22

OIN T2

OIN

Q
QY]

TETI23BR
apoy3ed
9ATIOY

(penurjuo)) syIe3laQ 1EJISAUYgd 'V

'penuTIU0D ) SHAOHIVO DINVOYONI CQHASSHYd A0 ONINZTYOS TTAD-ATVH TYIIWAHOOUIOHATH

‘AT TIIVL

Iv-12




*uoT3Tu8Y a933®
poUTWI®]SP I0U SBM ‘STBTIIJEW IPOYIed HDATIOE JO SWIII UT ‘dpoa3zosdld ayjl Jo tor3lTsodwod 3IOBXd UL %«
: *3urssaad 1333 paacwal
sem Jaded I231TJ oyl -°0BJ 9p0a3IVD[I IS[qEIIIUSICWT UB JO uUOoTIBWIO] Judadxd 03 pasn sem Iaded IIITTII  «*

*10700 uft Aea3 >aep sem pue MNOIY3l
uwG ), * T sem 3apoyled Jurj[nsaa ayJ
*86Q60°0 sem uor3Tu8r UO S50
*U0qaIBD 03] PIIADAUOD SBM D014
-B3}10S 8yl ITIUn ITE UT xpa3ITulT

Sem 2p0oa3d37d 2yl ‘Zwd/qT (00 ‘0T ‘o014
jo a2anssaad e 3B XTAjBW _WDT B UO Te33W -eq108 % "In G ‘08V %
11 04-¥01011  Passaad axam xtw ayi 3o 8¢4gS 0 papuedxa 8y  *am G ‘@and ¢ tam of gy 62

‘umg T JO SSIWNOIYI B
PeY 2poyled a3yl °‘xOTIpP 9Yil woaj
39119d 2y3 s3eaedsas o3 pasn sem

1sded 123714 " wd/q1 000‘OT 3O o014
2anssaid & je XTajew SWoT B uo 1eB3°W -Bey108 & ‘am ¢ o8y & 24qno
11 0d-¥0101T  p3ssaad axam xTw 3yl 3o BEEL7'0O papuedxa 3y  *3m G ‘FAnD % “3Im o6 + 08V 42
‘umGe T
JO SS3UMOTIYl B pEY IpOoyzed ayl
.NEo\nﬁ 000°0T 3o @23nssaad *D0T4-BYI0S @
B 3B XTIJEW _WdT B UO possaad Telaw am G ‘Paqs 4 cam o8 (eF
11 0d-Y01011 918mM 2anixIw Yyl jJo BThoH'O pspuedxa 3y 0T ‘08¥ % "Im ¢4 + 08v ¢e
apoa3 AHmHoE Hv uoijeiedaigd Jo PoylILW XTa13BR XIW 9poylied JCASERES
-0911% 93410130913 J0 uot3tsodwon apoyled
Ia3juno) 3ATIOY

(penuriuo)) sTTEIaQ 1BOTSAYd 'V

{panuTjuo) ) SAUOHIVD DINVOUONI G3ISSA¥d J0 HNINATEOS TTAD-ATVH TVDIWIHOOYLOTIA Al TIAVL

IV-13




*voT31u8T 1933B
pouUTWIS]aP ICU SEM ‘STBTIADIEW SPOYIBO SATIOR JO swAa3 UT ‘EPoalva[2 2yl Jo vorirscdwod 3IVEXS BYL

o1yl wwlz T sem spoOyIed
guransax a2yl °Lwo/qT CJ0OT
jc 2anssdaad e 3B XTJI3BW _WOT B UO Te3isw *2074-BY10S % .
11 0d-¥01011  pessaad 2a8m xTw Yl Jo B9LTE O papuedxe 8y  3Im (T ‘SATL $ "IM 6Q CATL
‘10702 UT 9ITYM
-Ae18 sem pue MOIYjl umhG'T sem
apoyjed Buri[nsai a2yl 8LLLO'O
SBM UOTITIUST U0 SSOT "uU0gaed
03] Po23A3AUOD SEBM D0TA~BYNIOS
213 [IJUN ITB UT xPpo3TulT sem
39112d 9yl .NEO\QA 0co‘ot 3o o014
aanssaid B 3B XTIIBW WO B UO Te32W -eq10S % ‘3m G ‘08V %
il 0d-¥01011  Possaid a1em XTw 9yl JO B5E9¢ 0 papuedxa 8y  3IM S '©d0D % “Im (S g0y LT

[o@]
Ql

*10700 ut Aead
sem pue o1yl uug Ay93ewrxoadde
SEM «Ax«uume 2y3 BurpnyouT Jou)
BEAFSL "0 pauStam apoyled Zuilns
-21 8yl ‘U0QIBD OF PIJAAUOD
SEM J0TJ-BX[OS 9yl TIaun IIe
uT »po3Tu8T SeM 2P0III3[d BYJ A *207d-BY10S
TZWwo,/q1 L00GT jo =anssaad %otan g ‘qseiq cuald
B 3B XTIJBUW _WOT B UO nassaad Te3ew -jao8 & am G o ‘gann ﬁ
11 2d-Y01011 sem XTw 8yl Jo juncwe [IrWS VY peopuedxs 8y M £¢ 08V % tam gY gmpy ‘g2

“spoal (Tetou 1) uotjeiedaig JO poyls| XTITER XTI spoyled TeTa238R
-2a14 91410130977 70 uvotarscdwo)d apoyaen
I93UnocH SATIOY

(penurjuo) ;) siteieq [ed>1sduyd 'V

(penuTiuod) SHACHLYD DINVOYONI QFSSHEd 20 ONINFAEDS Tiol-JTVH TVOIRILOCUIDATH AT ATV

V-1



‘una JoN  xx
*(@sTMIayjzo pajou ssaTun) sa3nurw § - A3JTSUSp JusIIND Yoes Je 28IBUDSIP JO uOIIBANG «

*m017124 03 u2318 jaep woxy padueyd 23LT0a3IdI[8 a9yl :93ION

A.GME
0T) _ .
* G T~ xx *% ¢'T- LL0- QIO TO'O+ €5°0- 1euTd INa-°4dN
*% 0T~ % *% G'C- 9T°0~ T°0- TO'Ot TOTot+ 1eTITUL T1 €(%u0)(°H®)) any ¢
(cutw (tutw (°ay
19 02) 1)
*% 227 *x *»* 6T~ 9°T- %0°0+ 22'0+ §0'0- 18uTd INQ-%3aN .
*% 0'2~  wx *% 80~ GT°0~ 2aT°0t He'ot S¢-ot 1eT3ITUT 11 €(®HD)(°H®)) gy 4
(urw 9T)
*% *% %% * ¥ *x 02°¢- He O+ g ot wx Teutrd , N
*% *% *% *% ** ®0°0- 0£°0+ ©9°0t 49 o+ Te131ul T1 0d-¥01011 gy ¢ m
(]
(*utw (cutw (‘utw
L) €e) )
g 2= 00°2-  xx *¥*  9¢ T~ TG0 €0°0- HT'Ot  »x 1eutd IWA-°JdN
¢z'2- ** *% *%x 08°0- 22°0- co'ot 6170t 2erot 1e13TUl T1 ©(*n0)(n®d) eany 2
*sa8aeydsip ayl jo
pu2 3yl 3e mOTT94 sem 93£10a30972 uaaad diep Jeurdiio ayy $@30N
%% 00°2- %% *¥%  HO"T- LG°0- €0°C- 9T°0+ €0°C- TeUT] IRA-®4IN
X% 06°0~  xx *%  06°C- GT°0- LOo'Ot ¢2ot 92t ot 1e13TUl 11 ©(®*HD) (SH®)D) €y 1
05 ¢z oz ST 0T 4 T T'0 0 juswaanseay apo13 (1etow T)  TBTI=IEBR
AmEu\mEV xSdTJTSua@ uaxan) Jo awr]l -0913 231471 apoyie)d
SNOTIBA 1B 3POIIOI[H wucouwMMMIHom<\w< *SA 3pcyied jo afe3op 133uno) -01309713F ATV

§913TSUS(@ Iua3IIN) SNOTIABA 3B
§232eYdSTQ 3INUTK AT UT PIIBNTEBAY Sapoy3le) I0j STTeIoQ 1BOTWAY30IID3[T ‘g

SAAOHIVD DINVOUONI Q4SST¥d 40 SNINEMHOS T180-ZTVH 1VOIWTHOOWIOd1d Al TI4VL




‘unx JON %%

*(9s1MI2Y3lC pajou ssa{vn) sajnutw § - A3Tsuap Fuaaand yoesa e 3BaeydsIp JO uorIBANQ X
(rutw 1)

*% *% *% *x T2°T- €9°0- €2 0+ ex'ot+ <caot Teurd

*% *¥ *% ¥x  QT'0- €00+ Gg'ot wHtot+ gitot+ 1eT3Tul 11 0d-¥01011 €aqndy ‘2T
(tumm T)

*% % *% *%  6T°T- 96°C- 92'0+ ew 0ot ¢z ot Teutd

X% *% *% *¥% OR"0- OT°0- &g 'Ot Gh'O+ 60+ TeTaTuUl 11 0d-701011 2y 1T

(utw ¢) .
*% ¥x 60°T~ 2L'0- TH'O- TO'Ot ¢2'ot 9o+ T10°0- Teuty
*% ¥* 2L°0- €¢°0- QI°C- OT'0+ oOof'0ot o5 o+ g4tot 1e131Ul 1 0d-%01011 24nd 01
(urw ) |

*% *% *% 22'T- €9°0- OT'C- @2 0o+ Th'Oot ¢0°C- 1eutd :

*% *% *%x GL'O- Ll¢°0- GO0+ 9¢tOt+ GSrot GGtot 1eI3ITUL 1 od-¥01011 gy ‘6

** 96°0- ¢L°0- 6K°0- G20~ ©0°0- ¢TI0+ G¢°ot+ £0°0t Teutq

*% #9°0- TG0~ Lg°0- GT'0- €00t 2¢°0t Leo+ gerot TeT3TUl 1T 0d-¥01011 2and L

*98aeyosTp jwd/ew G2

ay3 SButanp Buysse8 ue82q 2pox3ldaT2 I2IUNOD pur JIpoyird ayJ :83ION

*¥ 9*c- *% *% gL T- w2'1- 90°0- 210+ 9°0- Teutrd INA-°JdN

*% 0°2- %% *% 0'T- 026~ 20°0- 610+ T2 'Ot 1e13TUT 191 €(*HD)(°H®D) gany 9

oS ¢z oz 4 ol g T T°0 O 3Juowainsesy  9poa3 (1eTow T) TETILIER

AmEu\mEv *S2TI3Tsus(q Juaaand Jc euwT] -097T4H 93471 3poyaed
SNOTIRA 3B 3POI]ODTY DdOua13jay How<\w< *sA apouled jo 28e3T0A 193unod -0I131231% 9ATIIOY

(penuIjuod) S3T3ITSUIQ JUSIIN) SNOTIBA 3E

$381eYdST(Q 3INUTKW SAT UT pa3jenieay Sapcoyie) I103j STIBIS(C [BOTWAYD0IIda[y g

(penurlu0)) SHCOHLYD DINVOYONI (ESSTEd 40 ONINHTEOS T1ID-4TVH TVOIWAHDOYIDTIH

‘AT TI4VL

1V-16



‘und JoN %%
.Ammﬂzuw:uo pa3jou ssafun) sajnuid ¢ - L3Tsuap jua21and yoes je 8BieyosIp JO uorIBANC N

(‘utw ¢)
*% *% *¥% *% ¥* 2T'T- +HT'O0t+ LO"O- Teury
*¥% % *¥ *% **x 9T'O+ Lletot+ lLetot TeT3ITUL 11 0d-*01011 OIN °O2
(‘utw T)
*% *% *% *% *% QU'T- <co'ot Gero- Teurdq
¥ *% *% *% ** 02°0-. 66°0+ 19'0t+ TeT3ITUI 11 0d-¥010T1 CITIN 6T
(rutw ¢)
*% *% *% 801~ g0~ geot TG0+ oT ot 1eutd
*% *% % 02'0- He2'ot 6ot }GT0+ GGUot TBTITUI 1 0d-¥010711 s€np Q9T
(rutm T)
*% *% *% *%  RO'T-  ¢G°0- CO00  L2'o- Teutrd
*% *% *% *% 080~ GT'C- 6T°0+ 220+ ifeT3TUL 1 0d-¥01011 §€ny LT
(‘utm ¢)
% % % *% *%x 2G'T-  65°0- He'o- 1eUTd
*% *% %% *% *% 76°0- 9L'0- 90°0t+ TeI3TUl 11 0d-¥01011 SIIN 9T
¢S T-  OR'T- 00°T-  TH'O- €270~  wx "% *x 1euTg €aqs
OT"I- 0L°0- 26°C- g¢<°0- 00'0 *% *% *% 1BT3ITUI 1 0d-¥01011T + ZAnDd G
* % *% *% *% 60T~ oz2'ot 9ftot echtot 1BUTd ‘ ®aqs
*% *x *% *% L9*o- G20t &S50t g9tot Ter3Tul 1 od-%0101T + 4nd  "¢T
0% 02 a1 o1 ¢ T _T'0 0 JusuwlaANS e 9poa] (1eTCUW Hv 1eTaslel
ANEU\mEV ¥S9T3TSUa@ JulAANY Jo auwT] -091d CEVS apoyled
SNOTIBA 1B 9P0OIIOITHY d0udIaIY How<\m< *SA 3¥pcye) Jo a3elTOA Is3junod -0X399T14 9ATIOV

(psnutjuo)) s°T3ITSUI(C 3IUSIAND SNOTABA 3IE
$98IBYOST(E PINUIK 9ATJ UT Pajen[eAq Sapoyle) Io3J s[IelIag [BOTWaYd011d3Td °d

(penuT3juo)) SHQOHIVD JINVONONI QASSTEd J0 ONINATEOS TTHD-IIVH TYDIWIHDOWIOTIE Al TTIGVL

IV-17



‘unx 30N x%
*(@sTMIdylo pajou ssafun) sajnuiw S - AITSUIP JULIAND Yoed JB 23ABYOSIP JO UOTIRANQ X

("urw T)
%% LG*T-  GL'o- g0° 0~ TT°0- Teutd
*% 02 T~ 62°0- 00°C 2ot 1BT3 LI 1 0d-7010T11 €411 °Q2
(*urw T)
*% SGT°T- O0L*0o- L9 0+ ¢ o~ Teus g
*% oL*0- 49'0t+ 690t 69°0t+ TeTI UL 1 0d-¥01011 €300 )2
(rurw 1)
% *% 0 I~ g 0~ GG 0~ LT
*% *% 00°T- 02°0- ¢o*0- TeTITII 1 od-Y01011 egmy °92g
(*utm ¢)
20" T~ ¢L*o- oOT'0- 81" 0~ Lo°0- Teuty
oL*o- 6T'0- ¢T°0+ 120+ 120+ TeT3ITUy 11 0d-Y010711 2anyg  °¢2 ©
—t
(cutm ¢) N
*% QL*T- H2 ot G ot+ ot o+ TRUTd gang
*% LT°0- 92°ot He O+ 9¢ "o+ TeTITul 1 od-¥01011 + 08V ‘#2
(*utw T)
*% %% on T- Lg 0" €60 TeuTd
*% *% oS o= oT'ot 91Ot 18T3ITUl 1 0d-Y01071 08v ‘22
(*urw T)
*% *% He T <60~ oo~ Teutrd
% *% oL*0o- #0° 0~ 10°0~ IBT3ITUl T 0d-7010T1 OIN T2
OT 4 T T°0 0 JusdwaaInseay apoal (TeTow ) IBTI231BR
ANEU\NEV *¥8$9T3TSua(Q juaaan)d . Jo auwt] -09Td 91471 apoyied
SNOTARA Je mmuo.ﬂuom._”m mocmhommm HNUGQOU louuom.mm 0>ﬁuoﬂ

108v/8v °sa apoyie) jo a8e3jop

(penut3juo)) SIFITSUSQ JUSIIAN) SNOTIBA 3IB
§93aBYDST(@ 23INUTH SATJ UY POIBNTEAY SOpPoY3Ie) JI0J STIEISQ [BOTWDYD013O9[H ¢

(penur3uo)) SIAUOHIVD DINVOUONI QASSHYd J0 ONINAMINS TTHO-ITVH TVOIWZHOOHLOTTIA °'AI TIIVL

R SENA SER  SES  Smm  Sman . mumm mmn o mmp RN e s e



‘una JION %%
‘uni jou aIaMm AJTSUSP JUSBIAND YOBI 3B
§93aRYOSTP 93NnUTW SATJ °sueos Terjuajod Suldiea A]IBSUT] WOII POPIOODI dIdm SSuIpesa 93BITOA 8S9YL ¥

€3q8
*% *% *% *% *% *% ¢z*1- G'0- 00 HwrOo+t SO0t Hgrot 11 0d-¥01011 + 08V ‘¢z
) €4qs
02'T- O'TI- §°0- ¢Ge'o- %% 0'0 *% oT° 0+ ST°0+ 020+ G20t G¢ o+ 1 0d-¥01011 + Zand  'yT
*% *% *% o' T~ *% of" 0= % 00°0 020t G20+ 0%'0+ gh ot 1 0d-Y01011 emo Qg
08 oL 0$ ot ¢z oe ST ot ¢ T T°0 0 2poi3 (1etom T) TETI938W
ANEu\mEV %S9TITSU3([ Jua1an) SNOTIBA 3B -091d 93471 apoyied
9poa309Td 90UdI3I9Y Humd\w< *SA 9poyje)d 3o 238elToA I93uno) -01329149 9ATI0Y

suedg TpTIUD30gd Burfiep ATaeoUl] WOIJ PeIBNTEBAY SOPOYIBD JI0J S[IBISQ [EOTWIYD0IId3TH ')

(penutiuo)) SHCOHIVO DINVOYONI QASSHYd 40 OHNINFXEOS TIHD-AIVH TYDIWAHOOWIOTIE Al TI4VL

IV-19




TN T T U T T T G T T s

1]

FIGURE 1. ELECTROCHEMICAL HALF-CELL SCREENING OF
DISSOLVED ACTIVE ORGANIC CATHODE MATERIALS

Active Concentration Electrodes Electrolyte
Cathode Material (Molal) Working Counter (1 molal) Page
M-Dinitrobenzene 0.1,1.0 Carbon Carbon LiPFg- IV-21
(MDB) ' Dimethyl-
. formamide

(DMF)
Trich1oroisocyanuric 0.1,1.0 Carbon Li AlClg-Ace- IV-22
Acid (ACL-85) tonitrile
ACL-85 0.1,1.0 Carbon Li LiPFg-DMF Iv-23
ACL-85 ' 0.1,1.0 Carbon Carbon LiPFg-DMF IvV-24
ACL-85 1.0 Carbon Carbon LiPFg-DMF IV-25
Trichloromelamine 1.0 Carbon Li LiPFg-DMF IV-26
(TCM) Gel Cu Screen

Ag expanded
metal

TCM 0.1,1.0 Carbon Carbon LiPF5-DMF v_27
TCM 0.1 Carbon Carbon - LiPFg-DMF Iv-28

and LiPFg-

N-Nitro-

sodimethyl-

amine
Hexachloromelamine 0.1,1.0 Carbon Li LiPFg-DMF IvV-29
HCM - 0.1,1.0 Carbon . Carbon LiPFg-DMF IV-30
ACL-85, HCM 0.1 Carbon Li LiPFg-DMF IV-31
ACL-85, TCM, HCM 1.0 Carbon Li LiPFg-DMF Iv-31
ACL-35, TCM, HCM 0.1 Carbon Carbon LiPF g-DMF IV-32
ACL-85, TCM, HCM 1.0 Carbon Carbon LiPFg-DMF IV-32
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Cathode Voltaze vs. Reference Electrode

Cathode Voltage vs. Reference Electrode

FIGURE 1. ELECTROCHEMICAL HALF-CELL SCREENING OF DISSOLVED
ACTIVE ORGANIC CATHODE MATERIALS (Continued)

FIGURE 1k. A COMPARISON OF POSITIVE HALOGEN COMPOUNDS (0.1 MOLAL) IN
LiPFg-DIMETHYLFORMAMIDE (1 MOLAL). WORKING ELECTRODES -
HP-10 SPEER CARBON (lcr?). COUNTER ELECTRODES - Lix.

REFERENCE ELECTRODES - Ag/AgCl.

T
HCM -_n a o
% x~
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0.0 Ql.‘%}_.
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> N\
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\$ \\
initial \\ \ initial
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fin;¥'~,\ \x
-2.0 ~k
20 40 %0 35 ioh

Current Density (ma/cm®)

* Li appeared to be stable in the O.lm HCM system but caused some

- aAY QC ~ermntAm

electrolyte discolorativn in itue C.li aCL-oS Iyctom.

FIGURE 11. A COMPARISON OF POSITIVE HALOGEN COMPOUNDS (1 MOLAL)
IN LiPFg-DIMETHYLFORMAMIDE (1 MOLAL). WORKING ELEC-
TRODES - HP-10 SPEER CARBON (lcm®). COUNTER ELECTRODES -
Li**, REFERENCE ELECTRODES - Ag/AsCl.

+1.0 Tnitial
9 O
\ % HCM = e e
0.0 =N 1 e
- e l
= -~ - e \1nitial
—~— -~ i ~
-~ ~
~
\final 14
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\
\
50 final ¥& [final i \\
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Current Density (ma/cm®)

* Li appeared to be stable in the 1.0m ACL-85 and 1.0m TCM systems
but became covered with a white solid in the 1.0m HCM system.
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Cathode Voltage vs. Reference Electrode

Cathode Voltagze vs. Reference Electrode

FIGURE 1. ELECTROCHEMICAL HALF-CELL SCREENING OF DISSOLVED
ACTIVE ORGANIC CATHODE MATERIALS {Continued)

FIGURE lm. A COMPARISON OF POSITIVE HALOGEN COMPOUNDS (0.1 MOLAL)
IN LiPF4-DIMETHAYLFORMAMIDE (1 MOLAL). WORKING AND
COUNIER ELECTRODES - HP-10 SPEER CARBON (2cn?). REF-
ERENCE ELECTRODES - Ag/AgCl.

N inigial ACL-8 —
) :?ﬁtn >
TCM O

nitial HCM ——-

initial

10 20 30 40 50

Current Dznsity (ma/cm?)

FIGURE ln. A COMPARISON OF POSITIVE HALOSEN COMPOUNDS (1 MOLAL)
IN LiPFg-DIMRTHYLFORMAMIDE (1 MOLAL). WORKING AND
COUNTER ELECTRODES - HP-10 SPEER CARBON (2cm®). REF-
ERENCZ ELECTRODES - Ag/AgCl.

nal

10 20 20 4 50

Current Density (ma/cm®)

IV-32



_ e—— —— e s

*33eInddeul a9q APW SjUSWIANSEaw KITSODSTA PUB AJTSUIP ‘210J219Y3 SNOBUDZ0I2IDY SBM UOTINTOS YL  wxx
‘juawaanseaw Jo Jwll a3yl 3e
UOTINTOS 28Uyl UT UOTINTOA® SEF JO Junowe JjewsS B AQ Pa3TWI] SBM JUawWaInsesuw A3JTSOOSTA 3Y3 JO AJBINDOV x4

"0, GZ Ae painsedall

e cLT T Teutq (-1 *813 23s)
*¥%LT7H 69T°T  1BTITUL 108v,8Y N 4 ARa-4d11 ("3eS)0°T WOH " OT
T 9L0" T Teutq . ] ([-T 814 29s)
0% ¢ §90°T  T1BT3ITUI 108V, 8V . . ANA-73dTT T°0 WOH " 6
*%%6% "2 02T T Teutd (y-T *814 295 )
**T° T T2T°T  1BT3TUl 3y " " YaN-YAd 1T T°0 KOL " @
) ¢eT'T Teutrd ‘ (-1 *814 99s)
769 76T°T  1eTITUL 108v/3v . y INa--adtr1T (°3BS)0°T Wol * L
TT°¢ 90" T Teutyg (8-T *814 293s)
o1°'? G90'T  TBIATUL 108V /8v¥ " . ARA-Y3d11 T°0 WL "9 N
1
*%x%x61 "6 OLT T 1eUTd (-1 814 @9s) >
*%x0G "9 LLT'T  1er3tul 3y . . ANA-YAdTT 0°T S8-10V " 6
popi029y 310N Teutrg p-T "814 3°s
*xG9° L GLT'T  T1BIATUI 108V /8y " . IKA-°ad11 0°'1 Gg-10V "1
Lne ¢Lo'T 1eUTd (p-T +814 @9s)
9z'? 690°T  T1BT3TUl 108v/8Y " " ARa-°3d11 T°0 Gg-10V "¢
cere 860" T 1eUTd . (e-T 814 23s)
T2 Q60°T  TBT3ITUI 108V, 8V " " ARA-23dTT 0°'T 4aW "2
uoqae) uoqae)d
Q' T 660° T TRUTq : J9adg 12adg ‘ Am|H *814 mmmv
8T 650°T  TBIITUI 108y /38V OT-dH 0T-dH INA-®4d11 T°0 40N T
(sestod (95/8) 7Jusweinsesy opoi3dald 2PoiIdATI  2pCiIdATH 9314103132213 (KITIEION) CRECRLIN
|Hucwuv x&3Tsua(q Jo aui] 20ud1233y I33unod Suisiom uoT3BaIIUIDUOY apoyled dA1IOV
*£31500STA

SISHL ONINAAYOS TTID-ATVH TVOIWIHOOWIDETHE YIALAV ANV HIO4Ed
SNOIIANTOS FAOHIVO DINVOYO IAIIOV QIATOSSIA A0 ALISOISIA ANV ALISNAQ ‘A 14Vl

L _ omemiih | S O U 0 DU W F ) T YT e PNy % o



TABLE VI. COULOMBIC EFFICIENCIES OF INORGANIC CATHODES
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FIGURE 4. LINEARLY VARYING POTENTIAL STUDIES
OF INORGANIC CATHODES

Electrolyte
Cathode (1 molal) Page

Cupric Fluoride Sintered LiC1l04- IV-62

in a Nitrogen Atmosphere Propylene Carbonate

on a Variety of Substrates,

Cupric Fluoride Sintered LiClO4- IV-63%

in a Nitrogen Atmosphere Propylene Carbonate

on Aluminum.

Cupric Fluoride Sintered LiPFg~ IV-6L

in a Metallurgical Press N-Nitrosodimethylamine

on Silver. ’

Cupric Fluoride Thin Films LiClO,- 1V-65

Formed on Copper Foil by Propylene Carbonate

Solvent Evaporation and by

Electrolysis of 48% Hydrogen

Fluoride.

Copper Oxides {I and II) LiC104- IV-66

Produced During an Elec- Propylene Carbonate

trolysis of L8% Hydrogen

Fluoride.

Copper Sulfide Thin Film. N-Phenyl-N,N,N-tri- IV-67
methyl ammonium Hexa-
fluorophosphate-Di-
methyl formamide

Antimony Trifluoride LiClO,- 1V-68, 1V-69

Pressed Cathodes. Propylene Carbonate

Cupric Fluoride Pressed LiCl0O4- IV-T0

Cathodes Containing Propylene Carbonate

Antimony Trifluoride and

Carbon Additives,

Silver Oxide - Antimony LiCl04- IV-T1

Trifluoride Pressed Propylene Carbonate

Cathode.
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FIGURE 4f. LINEARLY VARYING POTENTIAL SCANS OF A COPPER SULFIDE THIN FILM

Cathodic

Current
(ma)

Anodic

Cathodic

(ma)

Current

Anodic
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ELECTRODE IN A 1 MOLAL N-PHENYL-N,6N,N-TRIMETHYLAMMONIUM HEXAFLUORO-
PHOSPHATE-DIMETHYLFORMAMIDE ELECTROLYTE. Li COUNTER ELECTRODE. AgS
REFERENCE ELECTRODE. 50 mv/sec SCAN RATE.
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FIGURE 5.

Cathode

N-Chlorosuccinimide
(0.1 and 1.0 molal)

2,4 - Dinitrophenol
(0.1 and 1.0 molal)

Trichloroisocyanuric
Acid (0.1 molal)

Trichloromelamine
(1 molal)

Trichloromelamine Gel
(1 molal)

Trichloromelamine
(1 molal)

Trichloromelamine
(0.1 and 1.0 molal)

Hexachloromelamine
(0.1 molal)

LINEARLY VARYING POTENTIAL STUDIES OF
DISSOLVED ACTIVE ORGANIC CATHODE MATERIALS

Electrolyte
(1 molal)

LiPFg-
Dimethylformamide

LiPFg-
Dimethylformamide

AlClg-
Acetonitrile,
LiPFg-
Dimethylformamide

LiCl0,-
Propylene Carbonate

LiPFg-
Dimethylformamide

LiCl0,-
Propylene Carbonate,
LiPFg-

Dimethylformamide

'

LiPFg-
Dimethylformamide

LiPFg-
Dimethylformamide
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TABLE VII. DISTILLATION AND TESTING OF SOLVENTS
EMPLOYED IN ELECTROLYTIC SOLUTIONS

N-Nitrosodimethylamine*

Refractive Indices of LCistilled Solvent Fractions at 25°C.

Fraction Original One Veek Two Weeks Four Weeks Twelve Weeks
Undistilled

Sample 1.4339 1.4339 1.4340 1.4340 1.4341
1. (Discard) ~—-- - -— - -
2. (100 ml) *% 1.4344 1.4344 1.4345 1.4344
3. (100 ml) ** 1.4344 1.4344 1.4346 1.4346
4. (100 ml) *% 1.4343 1.4345 1.4345 1.4345
5. (100 ml) ** 1.4344 1.4344 1.4345 1.4345
o. (100 ml) *% 1.4345 1.434Y4 1.4346 1.4345
Specific Conductivities of Distilled Solvent Fractions (24-28°C).
Undistilled

Sample 2.6k x 1075 9.95 x 107 1.34 x 10~5 1.78 x 10~ 6.78 x 10°5
1. {Discard) - - - _— -
2. (100 ml) *% 1.25 x 107 T7.59 x 10™° 7.90 x 1075 1.26 x 10™4
3. (100 ml) *¥ 2.18 x 107® 9.3 x 10™® 6.88 x 10”5 8.90 x 10°5
L. (100 ml1) ** 3.41 x 107® 1.05 x 1075 5.28 x 10-5 7.57 x 10~°
5. (100 ml) ** 3.3k x 107® 2,96 x 1075 6.5%5 x 10”5 T7.47 x 1075
6. (100 ml) ** 1.05 x 107 5.15 x 10”5 8.16 x 1075 1.46 x 10™%

¥*

D

*¥* Not measured.

Iv-81

n 184 = 143743, Handbook of Chem. & Physics, Chem. Rubber Co., 4ith Ed.
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TABLE VIII. FULL CELL TESTING UTILIZING SEPARATOR MATERIALS
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A. Anion Exchange Membrane Separators 1v-86
B. Filter Paper Separator IV-90
C. Epoxy Membrane Separator 1v-92
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TABLE VIII. FULL CELL TESTING UTILIZING SEPARATOR
MATERIALS

A. Anion Exchange Membrane Separators

1. Cell Details:

Anode - lithium. Area = ca. 0.5 cm®.

Cathode - CuCl,'2HZ0 (saturated) in 1 molal N-phenyl-N,N,N-
trimethylammonium hexafluorophosphate /{CgHs)(CHg)oNPFg /-
dimethylformamide (DMF). '

Cathodic current collector - Cu foil. Area = ca. 0.5 cm®.

Electrolyte - 1 molal (CgHs)(CHgz)sNPFg-DMF

Membrane - E-T083 fuel cell membrane (Ionics, Inc.) equilibrated
in DMF.

Reference electrodes - Ag/AgCl.

Cell construction - The membrane was placed between two poly-
propylene blocks. The blocks were bolted together so that
a 1x1xl cm well was located on each side of the membrane.

Anode Refer-

Anode Voltage Cathode Voltage ence Electrode

Time Cell vs. Reference vs. Reference vs. Cathode Ref- Current
(Minutes) Voltage Electrode® Electrode™™ erence Electrode {ma)
3,16 -3%.05 +0%07 -C.17 0.0
3.17 -3.05 -0.06 C-0.17 0.0
11 2.65 -2.93 : -0.21 +0.13 1.2
15 2.63% -2.93%" 0 01 +0.1% 1.3
22 2.24 -2.79 -0.23 +0.31 2.0
27 2.15 -2.78 -0.25 +0.36 2.0
30 0.91 2.6k -0.63 +1.12 5.0
36 C.8¢ -2.68 -0.63% +1.26 5.0
38 C.o7 -2.62 -0.87 +1.83 7.1
3 0.1% -2.78 -0.98 +1.81 6.9
L5 ¢.8¢ -2.79 -0.70 +1.3%0 5.0
50 C.381 -2.72 -0.65 +1.30 5.C
52 2.1A -2.84 -0.29 +0.40 2.0
57 2.13 -2.82 -0.29 +0.42 2.0
59 3.01 -2.97 -0.08 +0.03% 0.0
69 2.9k -2.87 -0.07 -0.17 0.0
T3 - 0.87 -2.67 -0.9%6 +1.2 5.0
82 C.8: --- - +1.02 5.0

* Located in the anolyte.
** Located in the catholyte.
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TABLE VIII. FULL CELL TESTING UTILIZING SEPARATOR

MATERIALS (Continued)

A. Anion Exchange Membrane Separators (Continued)

1. (Continued)

Anode Refer-

Anode Voltage Cathode Voltage ence Electrode
Time Cell vs. Reference vs. Reference vs. Cathode Ref- Current
(Minutes, Voltage Electrode* Electrodex* erence Electrode (ma)
88 0.85 _——— - : +1.18 5.1
93 0.98  -2.65 -0.69 +1.03 k.8
113 1.08 -2.72 -0.62 +0.96 5.0
131 1.15 -2.65 -0.71 | +0.78 5.0
146 1.23 -2.60 -0.70 +0.68 5.0
157 1.30 -2.56 -0.69 ‘ +0.57 5.0
169 1.32 -2.55 -0.68 +0. 54 5.0
17k 1.3 -2.51 -0.67 +0.53% 5.0
185 1.27 -2.3%6 -0.65 +0.41 5.1
Observations: The original anolyte was clear and colorless. The catholyte,

which was saturated with CuCly:-2H50, was dark green. After
the above test was completed, the cell was allowed to dis-
charge for approximately 12 hours at a current of Sma. At
the end of this time, no leakage of the CuCly*2H50 solution
into the anolyte was visually apparent. However, the lithium
anode was covered with a black solid shown by X-ray diffrac-
tion to be Cu,

* Located in the anolyte,
*% Located in the catholyte.
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TABLE VIII. FULL CELL TESTING UTILIZING SEPARATOR
MATERIALS (Continued)

A. Anion Exchange Membrane Separators(Continued)

2., Cell Details;

Anode - lithium. Area = ca. 0.5 cm®.

Cathode - CuCly*2Ho0 (saturated) in 1 molal (CgHs)(CHs)aNPFg-N-
nitrosodimethylamine (NDA).

Cathodic current collector - Cu foil. Area = ca. 0.5 cm?,

Electrolyte - 1 molal (CgHg)(CHg)3NPFg-NDA.

Membrane - E-708% fuel cell membrane (Ionics, Inc.). The membrane,
which was originally equilibrated in DMF, was equilibrated in NDA.

Reference electrodes - Ag/AgCl.

Cell construction - The membrane was placed between two polypropylene
blocks. The blocks were bolted together so that a lxlxl cm well
was located on each side of the membrane.

Anode Refer-

Anode Voltage Cathode Voltage ence Electrode

Time Cell vs. Reference vs. Reference vs. Cathode Ref- Current
(Minutes) Voltage Electrode” Electrode™ ™ erence Electrode . (ma)
¢ 2.87 -2.73 -0.07 -0.22 0.0
2.87 -2.70 -0.06 -0.2% 0.0
8 1.57 -2.58 -0.9C -0.10 2.0
13 1.5% -2.959 -1.15 -0.10 2.0
15 .0.53 -2.50 -1.89 +0.10 5.0
20 0.49 -2.50 -1.91 +0.07 5.1
23 0.09 -2.46 —0.15 +0.24 8.0
28 0.06 -2.46 -2.16 +0.26 T.7
29 0.39 -2.51 -1.99 +0.12 5.0
3L 0. 36 -2.5% -2.03 +0.14 5.0
AT 0.85 -2.61 -1.76 +0.03% 2.0
2 . C.86 -2.60 -1.63% +0.08 2.0
L3 1.7k -2.72 -1.16 0.00 0.0
43 2.07 -2.70 -0.80 £.00 0.0
112 2.359 2.7k -0.36 0.00 0.0

* Located in the anolyte.
** Located in the catholyte.
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TABLE VIII. FULL CELL TESTING UTILIZING SEPARATOR
MATERIALS (Continued)
A. Anion Exchange Membrane Separators (Continued)
2. (Continued)
: Anode Refer-
Anode Voltage Cathode Voltage ence Electrode
Time Cell vs. Reference vs. Reference vs. Cathode Ref- Current
(Minutes) Voltage Electrode* Electrodex* erence Electrode (ma)
167 2.32 -2.76 -0.37 0.00 0.0
169 0.28 -2.k2 -1.73 +0.26 5.0
213 0.08 -2.48 -2.12 +0.28 .2
281 0.05 -2.57 -2.08 +0.47 3.4
298 0.03 -2.58 -2.09 +0.48 3.2
Observations: The original anolyte was clear yellow. The catholyte, which

was saturated with CuCl,*2H50, was dark brown.

During the

8 ma discharge a solid began to form between the Cu current
collector and the reference electrode located in the catholyte.
At the end of the test, a considerable amount of this solid
was present in solution. The Cu foil was covered with black
crystals which were identified by X-ray diffraction as Ag.

The lithium anode was covered with a gray film which was
identified by X-ray diffraction as LiOH.

*
%*%

Located in the anolyte.
Located in the catholyte.
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TABLE VIII. FULL CELL TESTING UTILIZING SEPARATOR
MATERIALS (Continued)

B. Filter Paper Separator

1. Cell Details:

Anode - lithium

Cathode - silver oxide (95 wt. % AgO, 5 wt. % Solka-Floc);
area - 0.25 cm2,

Electrolyte - 1 molal (CgHs)(CHs)sNPFg-DMF.

Membrane - No. 4O Whatman filter paper.

Reference electrodes - Ag/AgCl.

Cell construction - the membrane was placed between two polypropylene
blocks. The blocks were bolted together so that a 1lxlxl cm
well was located on each side of the membrane.

Anode Voltage  Cathode Voltage Anode Reference

vs. Ag/AgCl vs. Ag/AgCl Electrode vs,
Time Cell Reference Reference Cathode Reference Current
(Minutes) Voltage Electrode* Electrodexx Electrode (ma)
0 3.7 -3.00 +0.54 0.00 0

0 2.4 -— - +0.08 1.9
1 2.4 -2.80 -0.51 +0.08 1.9
6 2.3 -2.79 ~-0.57 +0.08 1.9
8 2.3 -2.80 -0.59 +0.08 1.9
10 1.8 -2.65 -0.81 +0.20 4.9
1 1.8 ——- ——- +0.20 k.9
12 1.8 -2.67 -0.81 +0.20 4.9
14 1.8 -2.68 -0.83 +0.20 4.9
15 1.1 -2.48 -1.12 +0.k2 10.4
18 1.2 -2.54 -1.12 +0.42 10.4
21 1.2 -2.62 -l.12 +0.k42 10.4
23 0.2 -— - +0.80 20.0
2k 0.2 -2.38 -1.50 +0.80 19.0
25 0.13 -2.42 -1.58 +0.84 18.0
27 0.13 - - +0.84 18.0
28 2.4 - - +0.0k4 .0
29 2.6 -3.00 -0.57 +0.04 .0
30 3.6 -— --- +0.0L .0
36 1.1 — -—- +0.50 10.2
41 1.0 - - +0.53 10.2

* Located in the anolyte.
*% Located in the catholyte.
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TABLE VIII. FULL CELL TESTING UTILIZING SEPARATOR
MATERIALS (Continued)

B. Filter Paper Separator (Continued)

Anode Voltage Cathode Voltage Anode Reference

vs. Ag/AgCl vs. Ag/AgCl Electrode vs.
Time Cell Reference Reference Cathode Reference Current
(Minutes) Voltage Electrode¥* Electrode** Electrode (ma)
L6 1.0 _— -— +0.56 10.0
51 0.9 - - +0.60 10.0 -
56 0.8 - -— +0.63 10.0
61 1.2 - --- -—- 9.9
66 0.8 -— - -—- 9.9
71 0.6 -— -— +2.0 5.8
T6 0.6 - - +2.1 9.7
81 0.4 -— - +2.2 9.7
86 0.k - ~—- +2.2 9.6
91 0.3 -—- -— +2.3 9.9
96 0.2 —_— _—- +2.4 10.0
98 0.1 -2.67 0.00 +2.4 9.9
99 2.2 -3.08 0.00 +0.8 0.

Observations: The catholyte darkened during the discharge. Leakage of
the catholyte into the anolyte was not visually evident.

* Located in the anolyte.
%% Located in the catholyte.
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TABLE VIIT. FULL CELL TESTING OF SEPARATOR
MATERIALS (Continued)

C. Epoxy Membrane Separator

1. Cell Details:

Anode - lithium. Area = ca. O.5cm®.

Cathode - ACL-85 (saturated) in 1 molal LiPFg-DMF.

Cathodic current collector - Pyrolytic graphite rod« Area = ca.
lem®). After ‘the first 2ma discharge it was replaced by
HP-15 Speer carbon. (Area = ca. 0.5cmZ).

Electrolyte - 1 molal LiPFg-DMF.

Membrane - Versapor epoxy No. 6429 (Gelman).

Reference electrodes - Ag screen

Cell construction - The membrane was placed between two poly-
propylene blocks. The blocks were bolted together so
that a lxlxlcem well was located on each side of the

‘membrane.
Ancde Cathode Anode Reference
Voltage Voltage Electrode vs.
vs. Refer- vs. Refer- Cathode R~f-

Time Cell ence ence erence Current
(Minutes) Voltage Electrode* Electrodex*x Electrode (ma)
0 4,25 -3.12 +1.09 0.00 | 0
15 B TP Ay ¢ -%.09 +1.02 -0.03% 0
19 2.69 -3%.02 -0.07 +0.27 2
25 2.50 -2.93 -0.23 +0.22 2
32 Cathodic current collector was replaced. 0
Lo 4,03 -3.00 +1.02 -0.05 0
4s 2.59 -2.72 +0.16 +0.30 2
50 2.50 -2.69 +0.03 +0.25 2
55 0.80 - -2.41 -1.09 +0.56 5
60 1.04 -2.43 -0.76 - 4+0.67 5
65 0.99 -2.44 -0.83 +0.65 5
70 0.10 -2.25 . =1.36 +0.81 T
75 0.11 -2.25 -1.39 +0.78 6
80 0.10  -2.23 21.%9 +0.76 6
81 2.33 -2.59 +0.02 +0.26 2
85 2.33 -2.62 0.00 +0.29 2
90 3.86 -2.94 +0.89 +0.03 0

* Located in the anolyte
*% Located in the catholyte.
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TABLE VIII. FULL CELL TESTING OF SEPARATOR

MATERIALS (Continued)

Epoxy Membrane Separator (Continued)

C.
Anode Cathode Anode Reference
Voltage ‘Voltage Electrode vs.
vs. Refer- vs. Refer- Cathode Ref-
Time Cell ence ence erence Current
(Minutes) Voltage Electrode* Electrodex* Electrode (ma)
95 3.91 -2.97 +0.92 +0.05 0
100 3.96 -2.99 +0.93 +0.05 0
105 3.97 -2.98 +0.96 +0.05 0
110 3.97 -2.98 +0.97 +0.06 0
115 0.08 -2.11 -1.49 +0.55 6
125 0.07 -2.18 -1.65 +0.44 5
130 0.08 -2.13 -1.47 +0.59 6
Observations: The cell was allowed to discharge at a maximum
current density level for 1-1/2 hours after the
above test was completed. At this time the
current had dropped to nearly O ma. The anolyte,
which was originally clear, had become discolored.
The bright yellow catholyte remained unchanged.
A green-brown solid had formed on the Li anode.
This substance was identified as LiAg by X-ray
diffraction. Both reference electrodes were
covered with a thin white film. The membrane
remained intact and was yellow on the side facing
the cathode.
* Located in the anolyte,
** Located in the catholyte.
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